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1,0 INTRODUCTION

1.1 SITE BACKGROUND

1.1,1 Site Description

The Chem-Solv, Inc. (Chem-Solv) site Is located In Cheswold, Kent County,
Delaware, approximately 3 miles north of Dover on the west side of U.S.
Route 13 (DuPont Highway) just south of Delaware Route 42 (Figure 1-1).
The Chem-Solv facility occupied the southern third of a 1.5-acre property
and consisted of a one-story concrete block building, a distillation
process building, and a concrete pad (Figure 1-2), A concrete-paved
skateboard park was formerly located adjacent to the office building, but
was partially dismantled In 1988. A two-story wood frame apartment
building, a storage barn, and a wood shed occupy the northern two thirds
of the property. In the past, a mobile home was located In the north-'
western corner of the property.
Surrounding land use Is agricultural, residential, and commercial. Strip
development, consisting of commercial establishments and private
residences, Is found on both sides of Route 13 In the vicinity of the
site. A truck stop/gasoline station previously operated Immediately
north of the property, adjacent to Route 13.

-\
: The Chem-Solv site Is located In an area zoned for agricultural, light

- commercial, and residential land use.
1,1.2 Site History

The Chem-Solv facility was In operation from 1982 to 1984. At the
facility, spent Industrial solvents were distilled and purified. The
recovered product was then returned to the original generator for reuse.
The residues generated during the distillation process, referred to as
"still bottoms," were collected In 55-gallon drums. These drums were
stored on the concrete pad, awaiting disposal as hazardous waste.
Chem-Solv was, therefore, classified as a hazardous waste generator,

• transporter, and storage facility that had Resource Conservation and
Recovery Act (RCRA) Interim status.
On September 7, 1984, an explosion and fire occurred at the facility.
The State of Delaware Department of Natural Resources and Environmental
Control (DNREC) was notified of the Incident and Immediately Initiated a
site Investigation to determine the nature and extent of potential soil
and groundwater contamination. DNREC generated a memorandum dated
September 18, 1984, outlining Initial Investigatory activities (Appendix
A-1). The memo stated that a flreflghter at the fire scene had
"... observed a chemical-like material running off the concrete pad

AR307W-J 1-1
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towards the ground." Subsequent visual Inspections by DNREC personnel
Indicated contaminated soli adjacent to the location of the fire. Vapor
monitoring at the site and chemical analysis of the soil conducted by
DNREC detected some volatile organic compound (VOC) contamination of the
soil.
During more detailed analysis of the waste and material handling
practices at Chem-Solv, DNREC concluded that the facility had other
violations of Delaware's Regulations Governing Hazardous Haste. DNREC,
consequently, Issued a Cessation of Operation Order (Order) to Chem-Solv
dated September 21, 1984 (Appendix A-2). The Order outlined DNREC's
belief that spillage of hazardous wastes onto the ground had occurred
during the fire on September 7, 1984, and before the Incident. DNREC
ordered Chem-Solv to halt all hazardous waste handling operations with
the exception of those associated with cleanup of the site. In addition,
the Order required Chem-Solv to remove contaminated soli from the site
and to Initiate a groundwater monitoring program. DNREC Initiated a soil
and groundwater Investigation after the owners of Chem-Solv failed to'
fully comply with the Order. The subsequent sections summarize the
Investigation undertaken by DNREC to characterize the extent and nature
of soil and groundwater contamination associated with the Chem-Solv
facility. Included with this discussion Is a description of actions
undertaken by DNREC to remediate contaminated soil and groundwater at the
site.

1.2 PREVIOUS INVESTIGATIONS f

1.2.1 Soils Investigation

As stated In the memo referenced In the previous section, DNREC conducted
a limited soils Investigation Immediately after the September 7, 1984,
fire and explosion at the Chem-Solv facility. Subsequently, the owners
of Chem-Solv excavated approximately 10 cubic yards (cy) of contaminated
soil and placed this soli Into 30 55-gallon drums. Although the DNREC
soil Investigation consisted primarily of vapor monitoring using a
portable photolonlzatlon device, one soil sample was apparently obtained .
from a depth of 7 feet below ground surface. This sample was transported
to a laboratory for VOC analysis, but the results of this analysis are
unknown. DNREC concluded that the VOC contamination consisted primarily
of trlchloroethene (TCE); 1,1,1-trlchloroethane (1,1,MCA);
1,2-dlchloroethane (1,2-DCA); 1-chloroethelene; ethylbenzene; and
toluene. Table 1-1 summarizes all Pre-RI soil Investigation and cleanup
activities.
During April 1985, a large portion of the drum storage pad was removed
and 1,300 cy of contaminated soil were excavated by DNREC. The soil was
removed to the depth of the local water table and was staged onslte for
later remediation/disposal. Later that month, DNREC contracted.MUh SMC
Martin Inc. (SMC Martin), an environmental consultant
remedial alternatives for onslte treatment of the excavated soil.

1-2
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SMC Martin conducted two Initial rounds of soil sampling on May 1, 1985,
and May 10, 1985. The sampling scheme was designed to determine:

1. Hhether any contaminated soil remained In the sldewalls or
floor of the excavation

I. The range of concentrations of contaminants In the soil
stockpile for the evaluation of feasible remedial
alternatives

3. Hhether any compounds other than VOCs had contaminated the
soils

A total of 15 samples were collected during this sampling effort. These
samples Included:

- Three from the floor of the pit
- Five from the stockpiled soil
- One from the drainage way

The results of these sampling events are discussed In Section 4.2.1.
Based on results from the May 1985 sampling, SMC Martin concluded that
soli shredding/aeration was the appropriate alternative for remediation
of the soil and Issued a report, entitled Evaluation of Remedial
Alternatives for Soli and Groundwater Cleanup at the Chem-Solv Solvent
Recovery Facility. Cheswold. Delaware, on May 18, 1985.

On August 16, 1985, an additional 37 soil samples were collected to
characterize baseline concentrations of VOCs In the soil and determine
whether or not the soil contained compounds, unbeatable by soli
shredding/aeration.
Thirteen of these samples were taken from the lii-place soil surrounding
the soil stockpile. The other 24 samples were collected directly from
the stockpile. The results of this round of sampling are also contained
In Section 4.2.1.
The soil shredding process began on September 9, 1985, and continued
until November 7, 1985. The stockpiled soils were repeatedly passed
through the soil shredder equipment. Samples of the soil were taken
before and after shredding and were aralyzed for VOC concentration,
moisture content, grain size, and pH. Hhen analytical results Indicated
"acceptable levels" of VOCs In the soil after shredding, the soil was
placed Into the excavated pit and compacted, Otherwise, the soil was
returned to the shredder for another pass. Confirmatory soli sampling
was completed on November 11, 1985.

1-3
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SMC Martin published the findings of the soil shredding operation In the
report entitled Removal of Volatile Organic Contaminants from Soils at
the Chem-Solv Solvent Recovery Facility, (jheswold. Delaware, on May 20,
1986, The report concluded that the soil shredding process employed at
the site had been successful In removing VOC contamination from granular
soils.
1.2,2 Hydrogeolpglc Investigation

DNREC also conducted an extensive Investigation Into groundwater
contamination associated with the Chem-Solv facility. Between September
1984 and June 1986, 43 monitoring and 7 recovery wells were Installed
either on or around the site. Samples of groundwater from these and
domestic wells In the vicinity of Chem-Solv were collected and analyzed
for organic priority pollutants, primarily VOCs, beginning In October
1984 and continuing to the present. A discussion of all historical
groundwater monitoring data Is contained In Section 4.3.1.
Information gathered during this Investigation allowed DNREC to assess
the general hydrogeologlc conditions underlying the site and to delineate
the plume of VOC-contamlnated groundwater. An attempt was made to
capture the plume by pumping and treating the contaminated groundwater by
air stripping. Groundwater reclamation was conducted from December 1985
to November 1988.
Table 1-2 contains a summary of the DNREC groundwater Investigation.
Information contained In the table was obtained from several sources.
For the most part, the Sample Data Summary Target Compound sheets
provided by DNREC (Appendix B) were used to compile a summary of
groundwater sampling events. These DNREC data sheets were compared with
the Hater Quality Data Sheets contained as Attachment J In Groundwater
Decontamination, Chem-Solv Solvent Recovery Facility, Cheswold, Delaware
prepared by CABE Associates, Inc. (CABE) In March 1987 (Appendix C).
Hell Installation dates were obtained from the well drilling logs
contained as Attachment A In the CABE report. For wells that had no
existing logs, the Installation dates were obtained from Exhibits 1-9 and
1-10 In the CABE report, Other sources Included the May 20, 1986, SMC
Martin report and the Draft Hork Plan for the Chem-Solv Remedial
Investigation/Feasibility Study Site - Cheswold. Kent County. Delaware
Issued by BCM Engineers, Inc. (BCM) In October 1989. Similar to the well
Installation dates, severa'i dates of events referenced In these reports
could not be confirmed by cross checking field logs, field data sheets,
and so on. In these Instances, the document from which the event and
date were obtained Is referenced at the end of the appropriate entry.
Verbal communication with DNREC to confirm dates was used when possible.
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In September 1984, DNREC Installed five observation wells (OB-1A through
OB-5A) at the site to monitor the shallow water table aquifer above an
Identified low-permeability horizon (Figure 1-2). Hell OB-1A was
Installed Immediately adjacent to the site of the September 1984
Incident. Hells OB-2A through OB-5A were Installed around the perimeter
of the site, DNREC well logs are contained In Appendix D, During that
same month, DNREC also sampled domestic wells In the vicinity of the
Chem-Solv facility for VOCs; none were detected (SMC Martin, 1986),
DNREC Initially sampled groundwater from monitoring wells OB-1A through
OB-5A on October 3, 1984. Analytical results of this sampling verified
VOC contamination of the shallow aquifer, with TCE being the most
prevalent compound. DNREC also measured water levels twice In October
1984. These data Indicated a northeasterly hydraulic gradient.
During November 1984, DNREC Installed seven more monitoring wells (OB-6B,
OB-7A and -B, OB-8A and -B, and OB-9A and -B). Six of the wells were
Installed as couplets, screened both above and below the silt layer.
DNREC established a consistent well Identification system. All
monitoring wells screened above the slit layer were denoted with the
letter "A" (e.g., OB-1A), and all monitoring wells screened below the
silt In the Intermediate zone of the aquifer were denoted with the letter
"B" (e.g., OB-7B).
Groundwater from onslte monitoring wells and offslte domestic wells was
sampled on December 5 and 6, 1984, January 29, 1985, and April 22, 1985,
One of the original five wells, OB-1A, was removed In April 1985 during
the excavation of 1,300 cy of contaminated soil.
In April 1985, DNREC retained SMC Martin to evaluate alternatives for
groundwater and soil remediation at the site. As part of the assessment
of groundwater cleanup alternatives, SMC Martin conducted a hydrogeologtc
Investigation at the site (CABE, 1987) and Issued a report entitled
Evaluation of Remedial Alternative!! for Soli and Groundwater Cleanup qt
the Chem-Solv Recovery Site. Cheswold. Delaware, on May 18, 1985.

Because of SMC Martin's findings, DNREC decided to Implement a
groundwater treatment system that Included a groundwater pumping system
and treatment of the recovered groundwater by air stripping. CABE
Associates, Inc. (CABE) was retained on August 5, 1985, to design and
Implement the recovery and treatment system. From August to October
1985, 23 monitoring wells, 5 recovery wells, and 1 replacement domestic
well were Installed In and around the site. Likewise, numerous
groundwater samples were collected from monitoring, recovery, or
domestic wells, and two pump tests were conducted to further facilitate
the design of the recovery and treatment system.

AR307UI
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On November 26, 1985, untreated and treated water was collected from the /"~"\
recovery and treatment system during a test run of the equipment. By
December 11, 1985, the system was fully operational, after some minor
mechanical problems earlier In December. The first round of sampling for
treatment efficiency monitoring was conducted on January 2, 1986.
Continued sampling occurred at least every other month In 1986. In
addition, groundwater sampling from monitoring and domestic wells
continued Into November 1986 to assess the system's effectiveness In
capturing the plume of contaminated groundwater,
On June 9 and 10, 1986, two additional recovery wells were Installed.
One, OB-43AR, was later added to the recovery system. The other,
OB-44AR, was not used for recovery, but was used as a monitoring well,
called OB-44A. Later In June, a monitoring well (OB-45B) was Installed
In the Intermediate aquifer. This well's ability to yield water was
tested on June 18, 1986, during a pump test.
A polnt-of-use carbon treatment system was Installed at a nearby home
that had a contaminated well sometime before July 14, 1986. The exact
date of this Installation could not be confirmed, but DNREC sampled the
water both before and after treatment on that date. According to verbal
communication with DNREC, the contaminated well had apparently been
Installed by the owner as a replacement of the property's original well.
The replacement well had been Installed to a depth of 50 feet on
September 11, 1985, but subsequent sampling of this 50-foot well
Indicated unacceptable levels of VOCs. This 50-foot well was replaced ~
with a deeper well Installed to 127 feet by DNREC on May 15, 1987 !
(Appendix D), Subsequent sampling and analysis by DNREC did not Indicate x-"'
any contamination of this 127-foot well.
No groundwater or treatment system sampling occurred during the first
half of 1987. From June 8 through 16, 1987, however, groundwater was
again sampled from 17 monitoring and 9 domestic wells. No other
groundwater sampling occurred until December 22, 1987, with the exception
of untreated water from the recovery system and two domestic wells.
Monitoring and domestic wells and recovery system untreated groundwater
were sampled quite frequently In 1988 (January 5 and 6, March 21, April
14, May 17, June 16, July 26, and November 15).
In September 1988, the air stripping tower collapsed. After that,
recovered groundwater was no longer discharged to the air stripping
unit. DNREC, however, continued to discharge recovered groundwater to
the Kent County sewer system until November 1988. No groundwater pumping
or treatment has occurred at the site since then.
DNREC conducted quarterly monitoring of one recovery system and several
domestic wells from June 1989 through May 1990. Groundwater samples were
collected for volatile organic analyses on June 20, 1989, September 28,
1989, February 13, 1990, and May 1, 1990.
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1.3 REMEDIAL INVESTIGATION SUMMARY

In September 1988, an Administrative Consent Order (ACO) was signed by
the United States Environmental Protection Agency (EPA), DNREC, and
several of the Chem-Solv Potentially Responsible Parties (PRPs). The ACO
consisted primarily of an agreement to perform a Remedial Investigation/
Feasibility Study (RI/FS) In accordance with the Comprehensive Environ-
mental Response, Compensation, and Liability Act (CERCLA) as amended by
the Superfund Amendments Reauthorlzatlon Act (SARA). The Chem-Solv site
was Initially proposed for Inclusion on the National Priorities List
(NPL) on January 22, 1987, and again on June 1988. The site was formally
Included on the NPL on August 30, 1990. DNREC Is the Lead Agency for the
site.
Table 1-3 contains a summary of regulatory activities occurring up to the
present. The Chem-Solv PRP Committee retained BCM to carry out the
requirements of the RI/FS. The Draft Remedial Investigation/Feasibility
Study Hork Plan for the Chem-Solv Site - Cheswold, Kent County. Delaware
(Work Plan) was Initially submitted to DNREC and EPA In December 1988 and
revised July 1989 and October 1989. The Hork Plan was approved by DNREC
on December 1, 1989, and was Implemented between December 4, 1989, and
March 12, 1990. This report presents a discussion of the findings of the
Remedial Investigation.
The draft RI Report was submitted to DNREC and EPA In July 1990. From

"~\ the findings presented In the report, EPA requested that additional
j groundwater sampling be conducted. The Sampling Plan to Finalize the

Remedial Investigation at the Chem-Solv, Inc. Site - Cheswold. • Kent
County. Delaware (Sampling Plan) was submitted to DNREC and EPA on
February 13, 1991. DNREC approved the Sampling Plan on May 1, 1991
(Appendix A-3).
The Implementation scheme of the RI outlined In the Hork Plan was divided
Into nine separate tasks:

- Task 1: Project Planning
- Task 2: Air Investigation
- Task 3: Soils Investigation
- Task 4: Stratlgraphlc Investigation
- Task 5: Groundwater Investigation
- Task 6: Data Evaluation
- Task 7: Endangerment Assessment
- Task B: Treatablllty Study Pilot Testing
- Task 9: Remedial Investigation Report

The subsequent nine sections summarize the activities conducted to
complete each of the nine tasks. In addition, the Sampling Plan outlined
three tasks for additional Investigation:
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- Task 1: Groundwater Sampling
- Task 2: Hater Level Measurements
- Task 3: Contingency Soil and Groundwater Sampling

1,3,1 Project Planning

The purpose of this task was to prepare various documents and plans
before beginning field work. Activities conducted as part of this task
were:

- Initial site reconnaissance
- Preparation of specifications and selection of subcontractors

(I.e., driller and surveyor)
- Arranging for site access
- Review of agency files
- Surveying of site and preparation of a topographic base map

at a scale of 1 Inch - 100 feet with a 2-foot contour Interval
- Coordinating with DNREC before any sampling and laboratory

analysis
1.3.2 Air Investigation /"*"<•,

The air Investigation was conducted onslte In October 1989, before
sampling or Intrusive exploration. The primary purpose of this task was
to evaluate health and safety needs at the site before field activities
began. Data from this Investigation were also used as part of the site
Endangerment Assessment (Task 7). Breathing zone monitoring was
conducted using an HNu or OVA at 12 onslte locations. Two of the
sampling locations were In the former spill area.
1.3.3 Soils Investigation

Seven onslte test borings (CSB-6 to CSB-12) were completed, around the
edge of the former excavated area, to Identify the horizontal and
vertical extent of subsurface soil contamination near areas where
hazardous materials had either been stored or were suspected of having
been stored and to characterize soils outside the former excavated area.
All seven test borings were located outside the former excavation
boundary. Three soil samples were obtained from each boring. Two
samples from unsaturated soils were analyzed for all Target Compound List
(TCL) and Target Analyte List (TAD fractions; one sample from saturated
soils just above the silt layer was obtained from each boring and
analyzed for TCL volatile organlcs. The borings were advanced until the
silt layer (which separates the shallow and Intermediate zones of the
aquifer) was encountered, or 35 feet below grade, whichever came first.

AR307W
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x The sampling Intervals Included the 0.5 to 2.0-foot Interval, the 2-foot
Interval Immediately above the water table, and the 2-foot Interval
Immediately above the silt layer,
The borings were located near areas of the site where hazardous material
had been either stored or was suspected of having been spilled. These
areas Included the former distillation building, the former excavation,
and former contaminated soil stockpile areas. All borings were located
outside the boundary of the former excavations. Two of the soil borings
were done adjacent to the former concrete-paved area to Investigate the
presence/absence of contamination that may have resulted from runoff from
the pad. The boring locations were surveyed for both horizontal and
vertical control. More details of the soil boring program are contained
In Section 4.2.2.
1.3.4 Strati graphic Investigation

Five test borings (CSB-1 to CSB-5) were completed off site to the bottom
of the silt layer, to depths ranging from 26 to 43 feet. The locations
were selected to fill In data gaps regarding the presence/absence of the
slit layer onslte and hydraullcally downgradlent of the site, She I by
tube samples of the silt layer were obtained from two of these test
borings to determine grain size and the vertical coefficient of
permeability.
1,3.5 Groundwater Investigation

Seven groundwater monitoring wells were Installed as part of this
Investigation. They were Identified by "MHS" or "MHI," representing
whether the well was finished within the shallow aquifer zone or the
Intermediate aquifer zone. Groundwater samples were obtained from these
wells and from seven existing wells. Analytical data from the
groundwater sampling were evaluated to determine the horizontal and
vertical extent of groundwater contamination In both the shallow and the
Intermediate zones of the water table aquifer (see Section 4.3.1). The
groundwater samples were analyzed for all TCL/TAL parameters.
Monitoring Hell Installation

The locations of the shallow and Intermediate-zone monitoring wells are
discussed In Section 2.4.1.1. Hells completed In the shallow-zone

, aquifer were located In an effort to delineate the extent of shallow
groundwater contamination downgradlent (north-northeast) of the site.
In addition to determining the extent of shallow contamination, the
distribution of contamination In the Intermediate zone was assessed via
the Installation of three Intermediate-zone monitoring wells. One of
these wells was used to evaluate the quality of groundwater In the
Intermediate zone upgradlent of the .site. The remaining two
Intermediate-zone wells were located to determine the extent of
contamination downgradlent of the Chem-Solv facility.

1-9

U tkt page tilmtd in tkit inantt it not at ntadablt on Itgiblt at tkit
labtl, it it due to tubttandand colon on condition oi tht oniginal pagt.



Hell Survey

All the newly Installed monitoring wells were surveyed In June 1990 to
obtain horizontal coordinates and vertical elevations with reference to a
known datum. Horizontal control for each of the newly Installed
monitoring wells was obtained to the nearest O.I foot. Vertical control
was obtained to the nearest 0.01 foot. All surveying was performed by a
Delaware-licensed professional land surveyor. The survey for the newly
Installed wells was tied Into the same coordinate system used for the
existing monitoring well locations.
Hell Development

The monitoring wells were developed after Installation to remove
fine-grained material from around the well screen. The wells were
developed approximately one hour by overpumplng. Development water was
discharged Into 55-gallon steel drums. Head space measurements of
organic vapor levels were obtained using either a flame lonlzatton
detector or a photolonlzatlon detector. According to the Hork Plan,
development water would be discharged directly to the ground unless
elevated organic vapor measurements were recorded. No sustained organic
vapor measurements above background levels were recorded during well
development. Therefore, well development water was discharged directly
to the ground.
Groundwater Sampling

The newly Installed wells were allowed to equilibrate for a 2-week period
after Installation and before the collection of groundwater samples. The
groundwater samples were obtained In April 1990, using the protocols
described In Section 4,3.2 of the QAPJP. A sample was collected from
each of the seven new monitoring wells. Each sample was analyzed for all
TCL/TAL parameters. Samples were also taken from existing shallow-zone
wells (26A, 33A, 39A, and 41A) and the existing upgradlent shallow-zone
well (22A). Analytical data generated from the newly Installed shallow-
zone wells and existing shallow-zone wells 26A, 33A, 39A, and 41A were
used to characterize the magnitude and extent of the contaminated
groundwater In the shallow-zone beneath and downgradlent of the site.
Existing Intermediate-zone wells SB and 9B were also sampled In April
1990, as part of this Investigation. Data generated from the three newly
Installed and two existing Intermediate-zone wells were used to evaluate
the magnitude and extent of contamination, If any, In the Intermediate
zone. Analytical data generated from the newly Installed upgradlent
Intermediate-zone well (MHI-1-43) In the vicinity of well 22A were used
to evaluate the quality of groundwater In each zone entering the site
from the hydraullcally upgradlent direction.
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In February 1991, 14 monitoring wells were sampled In accordance with the
procedures outlined In the Sampling Plan. Selected wells were analyzed
for volatile organic compounds, mercury, manganese, and zinc to confirm
the concentrations detected In April 1990. In addition, the wells were
tested for miscellaneous groundwater quality parameters (biochemical
oxygen demand, dissolved oxygen, and so forth) to evaluate groundwater
reduction/oxidation conditions, Unsustalned organic vapor readings of 10
to 20 units above background were recorded at one well (MH 5-7-25) while
purging the well before sampling. Organic vapor measurements of 4 to 5
units were recorded for the first five gallons of water removed from the
well. All subsequent readings were at background levels. Therefore, the
water was not containerized for offsite disposal and was discharged
directly to the ground.
Hater Level Measurements

Four rounds of water level data were collected from all accessible
monitoring wells to determine the hydraulic head' distribution In the
shallow and Intermediate aquifer zones. All measurements were taken to
the nearest 0.01 foot using an electric water level Indicator. The top
of the well casing was used as a reference point. Plezometrlc surface
contour maps were constructed from these measurements for the
Intermediate and shallow zones. The horizontal hydraulic gradient,
magnitude, and direction were determined for both the shallow and
Intermediate zones. In addition, the vertical hydraulic gradient,

\ magnitude, and direction between the shallow and Intermediate zones were
, determined at each well couplet location.

1.3.6 Data Evaluation

The objectives of this task were to organize the validated data as
detailed In the QAPjP Into a working format for analysis and to perform
the necessary evaluations and Interpretations to meet the overall project
objectives. Task 6, therefore, had two distinct components: data
reduction and data evaluation. Following are brief descriptions of each
component.
1.3.6.1 Data Reduction
Data obtained from the various field Investigations were condensed and
organized to facilitate evaluation and presentation. Reduction of
hydrogeologlc data resulted In the production of various tables, figures,
and drawings that describe and summarize the pertinent site features.
These Include:

- Figures displaying boring and monitoring well locations and
elevations

- Hydrogeologlc cross sections
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- Groundwater contour maps
- Boring log descriptions
- Monitoring well as-built construction diagrams

Appropriate tables, maps, and figures were produced to summarize the
occurrence and distribution of contaminants at the site and adjacent
environs, These are referenced In Sections 3.0 and 4,0.
1,3.6.2 Data Review
BCM reviewed the reduced form of the data obtained during the RI to
evaluate whether the RI/FS project objectives were met, The results of
this data evaluation are contained In Section 4.0.
1.3.7 Endangerment Assessment

The endangerment assessment (EA) was used to determine the probability
and magnitude of risk, If any, to human health and the environment due to
actual or probable releases of chemicals associated with the Chem-Solv
site.
The EA Is a formalized process consisting of four tasks; (1) hazard
Identification, (2) exposure assessment, (3) toxlclty assessment, and
(4) risk assessment.
The procedures used In this EA were consistent with the Endangerment
Assessment Handbook (PRC, 1985). The risk evaluation was based on the
Superfund Public Health Evaluation Manual (SPHEM) (EPA, 1988).
1.3.8 Treatablllty Study/Pilot Testing

The need for treatablllty studies and/or pilot testing was evaluated
after the completion of the data validation/evaluation and the Initial
screening of remedial technologies. Discussion of Identified
treatablllty studies and/or pilot testing will be provided In the
Feasibility Study Report,
1,3.9 Remedial Investigation Report

Task 9 encompasses the preparation of the Remedial Investigation Report.
The RI report Includes the results of the previously discussed tasks,
Including the following:

- Site surface and subsurface conditions
- Extent and nature of soil contamination, If any
- Extent and nature of groundwater contamination, If any
- Analytical data and QA/QC backup
- Results of the public health and environmental assessments
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TABLE 1-1

SUMMARY OF PAST DNREC
SOIL INVESTIGATION AND CLEANUP ACTIVITIES

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESHOLD, DELANARE

Date Event

September 1984 Initial soils Investigation - Chem-Solv excavated
approximately 10 cubic yards of contaminated soil.

April 1985 DNREC excavated 1,300 cubic yards of contaminated
soil. Soil was stockpiled onslte.

April 19, 1985 DNREC retained SMC Martin, Inc. (SMC Martin) to
evaluate alternatives for soli and groundwater
cleanup.

May 1 and 10, 1985 SMC Martin conducted pre-soll shredding soil
sampling In the excavation sldewalls and floor,

"Ni staged soil stockpile, and nearby drainage-way.
May 18, 1985 SMC Martin Issued Evaluation of Remedial

Alternatives for Soil and Groundwater Cleanup at
the Chem-Solv Solvent Recovery Site. Cheswold.
Delaware.

August 16, 1985 SMC Martin conducted a round of pre-shreddlng
soil sampling of In-place soil adjacent to the
stockpile and of stockpiled soils.

September 9, 1985 Guardian Construction Company began soil
shredding process.

November 7, 1985 Soil shredding completed.
November 11, 1985 Post-shredding confirmatory soil sampling

completed.
May 20, 1986 SMC Martin Issued Removal of Volatna

Contaminants from Soils at the Chem-Solv Solvant
Recovery Facility. Cheswold. Delaware.

Compiled by BCM Engineers Inc. (BCM Project No.
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TABLE 1-2

SUMMARY OF PAST DNREC
GROUNDHATER INVESTIGATION AND CLEANUP ACTIVITIES

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESHOLD, DELAWARE

Date Event

September 1984 Five groundwater monitoring wells Installed
In the shallow aquifer.
Domestic wells sampled '(SMC Martin, 1986).

October 3, 1984 Five monitoring wells sampled.
October 1984 Groundwater table elevations measured twice

In five monitoring wells (SMC Martin, 1986).
November 28-30, 1984 Seven monitoring wells Installed.
December 5 and 6, 1984 Ten monitoring wells and four domestic wells

sampled,
January 29 and 31, 1985 Nine monitoring wells sampled.
April 1985 One monitoring well removed during soli

excavation (SMC Martin, 1986).
April 22, 1985 Eleven monitoring wells and six domestic

wells sampled.
April 1985 to approx. SMC Martin conducted hydrogeologlc Investl-

August 1985 gatlon at site, Including slug tests (CABE,
1987).

n

May 18, 1985 SMC Martin Issued Evaluation of
Alternatives for Soil _ and Groundwater
Cleanup at the Chem-Solv Solvent Recovery
Site. Cheswold, Delaware.

August 5, 198S CABE retained to help Implement the
groundwater recovery and treatment system.
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TABLE 1-2 (Continued)

Date Event

August 13-22, 1985 Eleven monitoring wells and one recovery
well Installed.

August 14, 1985 . One (of the original five) monitoring well
sampled.

August 22, 1985 The eleven monitoring wells most recently
Installed were sampled.

August 26, 1985 Pump test conducted; pumped and sampled
OB-5AR (CABE, 1987).

August 28, 1985 Ten monitoring wells sampled.
September 11, 1985 New domestic well Installed at Gearhart

property, finished at 50 feet (Appendix D).
September 12, 1985 Four monitoring wells sampled (Attachment J;

CABE, 1987).

September 18 and 26, 1985 Nine monitoring wells and one recovery well
Installed.

October 4, 1985 Eight monitoring wells sampled.
October 9, 1985 One monitoring and one recovery well sampled.

Pump test conducted on wells OB-5 A, OB-20AR,
and OB-32AR (CABE, 1987).

October 24, 1985 Two recovery wells sampled.
October 25, 1985 Pump test conducted on well OB-34AR (CABE,

1987).

October 1985 Three monitoring and four recovery wells
Installed.

November 26, 1985 Untreated and treated water from the
recovery system sampled to test air stripper
efficiency.

December 11, 1985 Recovery 'and treatment system fully
operational and completed 24 hours of
operation (CABE, 1987).
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TABLE 1-2 (Continued)

Date Event

January 2, 1986 Untreated and treated water from the
recovery system sampled,

February 19, 1986 Thirteen domestic wells sampled (Attachment
J; CABE, 1987).

February 27, 1986 Untreated and treated water from the
recovery system sampled.

March 11, 1986 Twelve monitoring wells and one domestic
well sampled; untreated water from the
recovery system also sampled.

April 8, 1986 Untreated and treated water sampled from one
domestic well and the recovery system.

April 11, 1986 Untreated and treated water sampled from one
domestic well.

April 28, 1986 Untreated and treated water sampled from the
recovery system.

May 13, 1986 Nine monitoring wells, untreated and treated
water from the recovery system, and
untreated water from one domestic well
sampled.
Attachment J (CABE, 1987) Indicates that 13
monitoring wells and untreated and treated
water from the recovery system was sampled;
untreated water from one domestic well was
sampled twice.

June 9, 1986 One recovery well (OB-43AR) Installed. This
well was later added to the recovery system.

June 10, 1986 One recovery well (OB-44AR) Installed. This
well was not added to the recovery system;
the well was later renamed monitoring well
OB-44A.

June 11 and 16, 1986 One monitoring well Installed (OB-45B).

^



TABLE 1-2 (Continued)

Date Event

June 18, 1986 Pump test conducted In well OB-45B (CABE,
1987). This well was also sampled,

June 30, 1986 Pump test conducted on OB-43AR (1987, CABE),

July 1986 Carbon polnt-of-use treatment system
Installed In home with contaminated domestic
well (BCM, 1989).

July 14, 1986 Untreated and treated water from the
recovery system and one domestic well
sampled.

July 28 and 29, 1986 Sixteen monitoring wells and untreated water
from the recovery system sampled.

September 25, 1986 Untreated and treated water from the
recovery system sampled.

November 17 and 18, 1986 Sixteen monitoring wells sampled. Three of
these wells were sampled by both balling and
pumping. Three domestic wells sampled.
Untreated and treated water from one
domestic well and from the recovery system
sampled.

March 1987 CABE Associates Issued final report for
DNREC, Groundwater___Decontamination,
Chem-Solv Solvent Recovery Facility,
Cheswold. Delaware.

May 15, 1987 Replacement domestic well Installed at
Gearhart property (Appendix D)

June 8-16, 1987 Seventeen monitoring and nine domestic wells
sampled.

August 1987 Replacement domestic well had been Installed
at adjacent property (Appendix A-ll).

September 4, 1987 Untreated water from the recovery system
sampled.
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TABLE 1-2 (Continued) n
Date Event

October 15, 1987 Recovery system untreated water and one
domestic well sampled,

December 1, 1987 Recovery system untreated water and one
domestic well sampled,

December 17, 1987 Recovery system untreated water sampled.
December 22, 1987 Four monitoring wells and recovery system

untreated water sampled.
January 5 and 6, 1988 Five monitoring wells, two domestic wells,'

and recovery system untreated water sampled.
March 21, 1988 Nine monitoring wells, one domestic well,

and recovery system untreated water sampled.
April 14, 1988 Three monitoring wells, one domestic well,

and recovery system untreated water sampled.
May 17, 1988, and Recovery system untreated water sampled.
June 15, 1988

July 26, 1988 One monitoring well, five domestic wells,
and recovery system untreated water sampled.

September 1988 Air stripping tower collapsed. Continued
pumping groundwater from the recovery system
to the Kent County sewer system.

November 15, 1988 One monitoring well, five domestic wells,
and recovery system untreated water sampled.

November 1988 Discharging of groundwater from the recovery
system to <,ewer system halted.

Compiled by BCM Engineers Inc. (BCM Project No. 00-6102-02)
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BCM
TABLE 1-3

SUMMARY OF REGULATORY ACTIVITIES

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESHOLD, DELAHARE

Date

January 22, 1987

June 24, 1988

September 1988

September 1988

December 1988

December 1, 1989

December 4, 1989

August 30, 1990

Source: BCM Engineers Inc

Event

Chem-Solv, Inc. Site Initially proposed for
Inclusion on the National Prlortles List
(NPL) (52 FR 2492).

Chem-Solv, Inc. Site reproposed for
Inclusion on the NPL (53 FR 23988).
DNREC, EPA, and Chem-Solv signed
Administrative Order signed on Consent.
BCM retained to conduct Remedial
Investigation/Feasibility Study.
BCM Issued Draft Remedial Investigation/
Feasibility Study, Hork Plan for the
Chem-Solv Site. Cheswold, pelayaffi.

RI/FS Hork Plan was approved by DNREC and
EPA.
BCM began Implementation of the RI/FS Hork
Plan.
Chem-Solv, Inc. site formally Included on
NPL, Site No. 573 (55 FR 35502)

. (BCM Project No. 00-6012-02)

591 By

AR307W

m'i ~'m~ ri~ia~ """"•" •*•• tkit g*aMC 44 not at ntadablt on Itgiblt at tkit i '
taoti, 4t 44 due to 4ub4t«nda*d co/04 04 cond^on o< the oniginal page.



--, . ' . AR307490

H tkt pagt ̂ ilmtd in tkit <4a»e it not at .——..„„,._„.„—,_.-.,.„„,—
labtl, it it due to 4ub4tanda4d co/04 04 condition o< the oniginal pagt.



2.0 REMEDIAL INVESTIGATION METHOD

2.1 AIR INVESTIGATION

BCM conducted an air Investigation to evaluate health and safety needs at
the site before Initiating sampling or any Intrusive activities. Data
from this Investigation were also used to estimate onslte and offslte
exposure as part of the site Endangerment Assessment.
The Investigation was conducted on October 16, 1989. Twelve sampling
locations were set up around the perimeter of the site (Figure 2-1),
Ambient organic vapor readings were recorded at each location using both
an HNu Systems Photolonlzatlon Detector (HNu PI-101, 10.2 eV probe) and a
Century Systems Organic Vapor Analyzer (OVA-128). At each location, the
HNu and OVA Instrument probes were directed Inward, towards the former
excavated area.
Air monitoring with either the HNu or the OVA and a combustible
gas/oxygen/hydrogen sulflde meter (MSA Model 361) was also performed
continuously during all Intrusive drilling activities. Air monitoring
using either the HNu or the OVA was performed continuously during well
construction, well development, groundwater sampling, and water level
measurement activities.
All monitoring equipment was calibrated to gas standards each day before
use and recorded In a bound field-log book. The OVA was calibrated with
methane and Inert nitrogen gas (86.5 parts per million [ppm] methane).
The HNu was calibrated with Isobutylene and Inert nitrogen gas (95.9 ppm
Isobutylene), The combustible gas/oxygen/hydrogen sulflde meter was
calibrated with methane/oxygen and Inert nitrogen gas (1.4 percent
methane, 15.6 percent oxygen).

2.2 SOILS INVESTIGATION

This Investigation was designed to characterize soils near areas where
hazardous materials had either been stored or were suspected of having
been stored. Eight borings from seven locations were placed around the
edge of the former excnvated area and the remaining concrete pad. Three
soil samples from each location were retained for chemical analyses. In
addition, split samples were retained for the EPA by personnel from CDM
Federal Programs Corporation (FPC) and submitted for chemical analyses.
The soils Investigation was conducted from December 4 through
December 20, 1989, and from February 22 through February 28, 1990.
Because of extreme weather conditions encountered during December 1989,
work at the site was halted December 20, 1989. Freezing temperatures
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BCM
hampered decontamination of the sampling equipment and raised questions /•>,
about the possibility of cross contamination of the soil samples. BCM ' ,1
notified DNREC of the work stoppage In a letter dated December 27, 1989
(Appendix A-4), DNREC approved the work stoppage In a letter dated
January 22, 1990 (Appendix A-5),
Generally, field activities were conducted In accordance with the
procedures contained In the Hork Plan. Some modifications to the Hork
Plan were necessary because of conditions encountered during the
Investigation; these modifications are detailed In the following sections.
2.2,1 Sample Locations

Eight borings (CSB-6, CSB-7, CSB-8, CSB-8A, CSB-9, CSB-10, CSB-11, and
CSB-12) were placed at seven locations outside the edges of the former
excavated area (Figure 2-2), Boring logs are contained In Appendix E,
The soli In the former excavation area delineates the soils from around
the former distillation building that were excavated, shredded, tested
for Indicator parameters, and placed back In the excavation during work
performed by DNREC In 1985 before the RI. Because the soil was excavated
to the top of the water table, the RI soli Investigation was structured
to delineate what contaminants, If any, remained In the unsaturated soils
outside the excavation. A description of each boring location and the
rationale for placement of the boring are provided below.

Boring Location s~\
Name Description Location Rationale i i

CSB-6 Southeastern side Delineate soils south of the
of excavation former distillation building

CSB-7 South-central side Delineate soils south of the
of excavation former distillation building

CSB-8 Southwestern edge Delineate possible soil
CSB-BA of concrete pad contamination due to runoff

from former drum storage pad
CSB-9 Northwestern edge Delineate possible soli

of concrete pad contamination due to runoff
from former drum storage pad

CSB-10 Eastern edge of Delineate possible soil
concrete pad contamination due to runoff

from former drum storage pad
CSB-11 North-central edge Delineate soils north of

of concrete pad former distillation building

2-2
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1 CSB-12 Between concrete Delineate soils north of
i pad and concrete former distillation building

block building
Boring B-8 was abandoned at 16 feet because of difficulties keeping the
borehole open during drilling; Boring B-8A was then drilled as a
replacement boring for that location.
2.2,2 Sampling Protocol

2.2.2.1 Soli Samples
The soil borings were drilled to depths ranging from 20 feet to 26 feet
using a rotary drilling rig with 3-1/4-Inch and 6-1/4-Inch Inside-
diameter (ID) hollow-stem augers. Soil cores were obtained continuously
throughout the soil borings using 2-foot-long, 2-Inch or 3-Inch outsi de-
diameter <OD) carbon steel split-spoon samplers. The split spoons were
driven using a 140-pound hammer.
As described In the Hork Plan, the soil borings were to be completed to
the top of the silt layer, If present, or to a maximum depth of 35 feet;
split-spoon samples were retained continuously throughout the boring
column for llthologlc descriptions and for chemical analyses. Two soil
samples from each boring location were to be retained from the
unsaturated zone and submitted for Target Compound List (TCL) organic and

"^ Target Analyte List (TAD Inorganic parameters. Soil samples were to be
j collected from the 0.5-foot to 2-foot Interval and the 2-foot Interval

just above the top of the water table, unless elevated organic vapor
readings were recorded from head spcce analyses. If elevated organic
readings were encountered, the sample Intervals were to be selected from
the Intervals with the highest levels. In addition, If the silt layer
was encountered, one soil sample from the Interval just above the silt
was to be analyzed for TCL volatile compounds.
2.2.2.2 Field Quality Control Samples
Field rlnsate blanks, trip blanks, and field duplicate samples were
submitted for chemical analyses with the soil samples In accordance with

' the protocol detailed In Section 9.2 of the Quality Assurance Project
Plan (QAPjP).
2.2.3 Analytical Parameters and Methods

Twenty-three samples were submitted for chemical analyses. Of these
samples, two were field duplicate samples. A sample summary table
presenting the soli sample locations, depths, and analytical parameters
Is presented as Table 2-1. Sixteen samples were submitted to the
Industrial and Environmental Analysts, Inc. (IEA) laboratory In Cary,
North Carolina, for TCL organic and TAL Inorganic analyses. Seven soil
samples were submitted to IEA for TCL organic analyses.
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All analyses were performed In accordance with the procedures contained /••>.
In the Hork Plan and the QAPjP, In addition, BCM performed a laboratory > ,)
audit for Inorganic analyses on December 19, 1990, The laboratory audit
report was submitted to DNREC on January 4, 1990 (Appendix A-6).

2,3 STRATIGRAPHIC INVESTIGATION

The statlgraphlc Investigation was conducted to provide offslte
llthologlc Information, specifically to delineate the horizontal extent
of the silt layer present at approximately 20 feet below the site. Five
stratlgraphlc borings (CSB-1 through CSB-5) were drilled to a maximum
depth of 43 feet, Boring logs for the stratlgraphlc borings are
contained In Appendix E, In addition, two Shelby tube samples of the
slit layer were obtained from Borings CSB-1 and CSB-4; these samples were
analyzed for physical parameters (Table 2-1),
The stratlgraphlc borings were drilled from December 4 through 7, 1990,
and from February 28 through March B, 1990, Generally, the borings were
conducted In accordance with the specifications contained In the Hork
Plan. Any deviations or modifications are addressed below.
2.3,1 Sample Locations

The stratlgraphlc borings were located along a line approximately
parallel to the axis of the groundwater flow direction (Figure 2-2). A /"*>»>.
list of the boring locations and a description of the location rationale I )
are presented below. ^^

Boring Location
Name Description Location Rationale

CSB-1 Southwestern edge Upgradlent position
of property

CSB-2 American Roofing Downgradlent position
and Siding Co.
property

CSB-3 Durham property Farthest downgradlent
position

CSB-4 Lambertson property Nearest downgradlent
position

CSB-5 Route 13 median Downgradlent position
near Hell 39A
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Field boring locations were discussed with and approved by DNREC before
field activities began,
2.3.2 Sampling Protocol

The soil borings were drilled using 3-1/4-Inch, 4-1/4-Inch, and
6-1/4-Inch hollow-stem augers. Soil cores were obtained from each boring
beginning at 10 feet using 2-foot-long 2-Inch OD split spoons; the cores
were obtained continuously from 10 feet to the bottom of the borehole,
which was either the base of the silt layer or 35 feet If the silt layer
was not encountered,
All split-spoon samples were scanned with an HNu or OVA as they were
removed from the borehole and after each spoon was opened. Organic vapor
readings from these scans are contained In the boring logs In Appendix
D. In addition, head space readings were obtained for each sample.
Samples of the silt layer were obtained from CSB-1 and CSB-4 using
3-lnch-OD thin-walled Shelby tube samplers. These samples were analyzed
at the Woodward-Clyde Laboratory In Plymouth Meeting, Pennsylvania, for
vertical coefficient of permeability and grain size distribution,
Because the silt layer was not encountered at the other locations, no
Shelby tube samples were obtained from those borings.
2.3.3 Analytical Parameters and Methods

Samples CS6-1 (22-24) and CSB-4 (22-24) were analyzed for vertical
coefficient of permeability and grain size distribution using ASTM
reference methods. Immediately upon retrieval, both ends of the Shelby
tube sampler were sealed with wax; the tubes were stored upright and
delivered to the Hoodward-Clyde Laboratory for analysis.

2.4 GROUNDHATER INVESTIGATION

The groundwater Investigation Included the Installation of 7 off site
monitoring wells and chemical analyses of groundwater from 14 onslte and
offslte locations. Seven monitoring wells were Installed from
December 6, 1989, through March 12, 1990. Of these wells, four were
designed to monitor the shallow sand aquifer and three were designed to
monitor groundwater In the Intermediate zone of the aquifer beneath the
silt layer.
2.4,1 Monitoring Hell Installation

Seven monitoring wells were completed as part of the remedial
Investigation (Figure 2-2). They were Installed to provide additional
Information needed to more completely delineate the horizontal and
vertical extent of the groundwater contaminant plume associated with the
site. In addition, the wells may be used for future monitoring of the
plume, If necessary. AR307W
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2.4.1,1 Monitoring Hell Designations and Locations
Hell Identification numbers (e.g., MHS-6-25) consist of four components.
The first component ("MH") designates a monitoring well. The second
component designates the aquifer zone monitored by the well; "S"
designates a shallow-^one well, and "I" designates an Intermediate-zone
well. The third component Is a number from 1 through 7 Indicating the
location designation of the well. The fourth component Is the bottom
depth of the screened Interval In that well.
h summary of the monitoring well locations, well depth, and location
rationale Is presented below.

Hell Location
Name Description Location Rationale

MHI-1-43 Southwestern corner Upgradient, Intermediate
of property aquifer zone

MHI-2-40 American Roofing Downgradlent, Intermediate
and Siding Co. aquifer zone
property

MHS-3-17 American Roofing Downgradlent, shallow
and Siding Co. aquifer zone
property

MHI-4-40 Durham property Downgradlent, Intermediate
aquifer zone

MHS-5-18 Durham property Downgradlent, shallow
aquifer zone

MHS-6-25 Stein property Downgradlent, shallow
north of former aquifer zone
Mobil Station

MHS-7-25 Route 13 median Downgradlent, shallow
north of Route 42 aquifer zone
Intersection

Monitoring well locations were selected In the field with the approval of
DNREC before field activities began.
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2.4.1,2 Monitoring Hell Construction
Shallow Zone Hells

Shallow monitoring wells were drilled using 6-1/4-lnch-ID hollow stem
augers. Soil cores were retained continuously throughout the boring
using 2-lnch-OD split-spoon samplers; these cores were scanned with an
HNu and/or an OVA. Llthologlc descriptions for each well are Included In
the well logs contained In Appendix F.
The specifications for the shallow-zone monitoring wells were designed to
provide Information about the sand aquifer above the silt layer. The
wells were to be screened above the silt layer, If present. If the silt
layer was not encountered at a location, the well would be constructed to
screen a 10-foot Interval from 15 feet to 25 feet below the ground
surface, A schematic representation of monitoring well construction
detail Is shown on Figure 2-3,
After each boring was advanced to the required depth, the monitoring well
was constructed using 2-lnch-ID schedule-40 polyvinyl chloride (PVC)
casing and screen. All well screens were factory-slotted with 0.010-Inch
or 0.020-Inch slots; the 0.010-Inch screens were Installed at locations
where the aquifer contained significant fine material. The casing,
screen, and bottom cap were connected with threaded flush joints; no glue
was used. Between 7 and 10 feet of screen were used In each well,
depending on Hthologlc conditions, The annulus (void between the well
casing or screen and the boring wall) was packed to at least 1 foot above
the screen with clean silica sand.
A bentonlte pellet seal was placed on top of the sand pack, and the
remainder of the hole was filled with a cement-bentonlte grout. A
locking protective steel casing was Inserted a minimum of 3 feet Into the
grouted annulus.
Intermediate-Zone Monitoring Hells

Section 4.5,2 of the Hork Plan contains specifications for the construc-
tion of the three Intermediate-zone monitoring wells. However, only well
MHI-1-43 was constructed as proposed In the Hork Plan. The silt layer
was not encountered or was too thin to seal off with an outer steel
casing In the other two wells (MHI-2-40 and MHI-4-40), A schematic
representation of monitoring well detail Is shown on Figure 2-3.
To determine the depth and thickness of the silt layer at the MHI-1-43
location, a stratlgraphlc boring (CSB-1) was drilled using 6-1/4-Inch
hollow-stem augers. This boring was abandoned and grouted to the
surface. Hell MHI-1-43 was then drilled using the mud rotary drilling
method. A 10-Inch diameter borehole was drilled to the top of the silt
at 23 feet. A 6-Inch steel outer casing was then driven 1 foot Into the
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silt layer and set at 24 feet; the annulus between the casing and the
borehole was tremle grouted with a cement-bentonlte mixture. After the
grout was allowed to set overnight, the boring was advanced to 43 feet
(15 feet below the bottom of the silt layer). The well was constructed
using 10 feet of 2-lnch-ID schedule-40 PVC with 0,020-Inch screen. A
filter pack consisting of No. I Jessie Morle sand was Installed from the
base of the borehole to 31 feet. An B-foot-thlck granular bentonlte seal
was Installed above the filter pack; the annular space above the seal was
tremle grouted with a cement-bentonlte mixture.
Hells MHI-2-40 and MHI-4-40 were Installed using specifications similar
to those for shallow-zone wells, Because the silt layer was not
encountered at those locations, no outer steel casing was Installed,
Both wells were constructed using 10 feet of 0,010-Inch screen which was
set to a depth of 30 feet to 40 feet below the ground surface. Before
modifying the well specifications, BCM contacted DNREC and received
approval of these changes.
2.4.1.3 Monitoring Hell Development
All monitoring wells were developed by overpumping with a centrifugal
pump. As detailed In Section 4.5.4 of the Hork Plan, each, well was
developed for a maximum of 1 hour or until sediment-free flow was
obtained. Only one well (MHI-4-40) was developed for less than 1 hour.
Several of the wells were also surged with a 5-foot-long, 1-1/2-Inch-
diameter PVC slug; the slug was moved up and down In the well to allow
water to move Into and out of the well through the well screen.
Development water was discharged Into 55-gallon drums. Organic vapor
readings were measured In the drum headspace using an OVA. According to
the Hork Plan, development water was to be discharged directly to the
ground unless elevated organic vapor readings were found. Sustained
organic vapor measurement greater than the background levels were
considered to be elevated readings. No sustained OVA readings above
ground were encountered during the development of any well. Therefore,
this water was discharged to the ground.
2.4.2 Groundwater Sampling

Groundwater samples were retained for chemical analyses from 14 locations
from April 4 through 9, 1990. In addition, split samples were retained
from 3 wells for analyses by FPC personnel, A groundwater sample
summary, Including well name, sampling method, and analyses performed, Is
presented as Table 2-2. Several modifications to the groundwater
sampling protocol described In Section 4.5.5 of the Hork Plan were made.
Before sampling began, BCM submitted an addendum to the Hork Plan to
DNREC on April 1, 1990 (Appendix A-7), Modifications contained In the
Hork Plan Addendum are discussed In the following sections.
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Fourteen monitoring wells were sampled from February 19 through 21, 1991;
split samples from two wells were retained for analyses by FPC person-
nel. A groundwater sample summary Is presented In Table 2-3. The
samples were collected and analyzed In accordance with the method
discussed In the Hork Plan and the Sampling Plan.
DNREC sampled three domestic wells (American Hoofing, Gearhart/Shane, and
Simon) and one monitoring well (39A) on March 4, 1991. All four wells
were analyzed by the DNREC laboratory for volatile organic compounds; the
domestic wells were also analyzed for mercury, manganese, and zinc.
2.4.2.1 Sampling Locations
Groundwater samples were obtained In April 1990 from eight offslte
shallow wells (22A, 26A, 39A, 41A, MHS-3-17, MHS-5-18, MHS-6-25, and
MHS-7-25), one onslte shallow well (33A), two onslte Intermediate wells
(SB and 9B), and three offslte intermediate wells (MHI-1-43, MHI-2-40,
and MHI-4-40), In addition, field duplicate samples were obtained from
wells 26A and 9B. Spilt samples were obtained by FPC personnel from
Hells 41A, MHS-5-18, and 9B; a field duplicate was also obtained from
Hell 9B. A groundwater sample summary for the EPA spilt samples Is
contained In Table 2-2.
These sampling locations were selected to provide groundwater quality
Information for several areas of the sand aquifer. The eight offslte

\ shallow wells were used to characterize the magnitude and extent of the
i contaminated slug of groundwater that apparently exists downgradlent of

the site In the shallow zone. Data generated from the five Intermediate
wells were used to evaluate the magnitude and extent of contamination In
the Intermediate zone beneath the silt layer. Data from the shallow
onslte well were used to evaluate the magnitude of contamination
remaining onslte In the shallow zone.
Of these wells, 33A and 41A were not Included In the sampling program
contained In Section 4.5.5 of the Hork Plan. Hell 33A was sampled
Instead of the recovery system; the recovery system pump could not be
started because of rust. BCM and DNREC agreed to the selection of Hell
33A as an alternative to the recovery system on April 9, 1990. Hell 41A

' was Included In the sampling as a replacement location for Hell 28A,
which has been paved over with asphalt (Appendix A-7).
2.4.2.2 Sampling Protocol
Groundwater Samples

Hells were sampled In accordance with the procedures detailed In the Hork
Plan, the Hork Plan Addendum, and the Sampling Plan. Because of the
diameter of many of the DNREC monitoring wells (0.5-Inch ID), these wells
were purged and sampled using a peristaltic pump; wel]
sufficiently large diameter were sampled using 2-lnch-OD Tef|!
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Tables 2-2 and 2-3 provide a list of the purge and sampling methods used /""-i
during the April 1990 and February 1991 sampling events, respectively. ' )
All volatile samples, except for trip blanks, were preserved with
hydrochloric acid In the field by BCM personnel. Inorganic analyses were
performed on both unflltered and filtered samples at all locations. The
samples were filtered In the field using a nitrogen pressure filtering
unit with a 0.45-mlcron filter,
Field. Quality Control Samples

Field rlnsate blanks, trip blanks, and field duplicate samples were
retained and submitted for analyses In accordance with the procedures
detailed In Section 9.2 of the QAPJP.
2.4.2.3 Analytical Parameters and Methods
All groundwater samples obtained In April 1990 were analyzed for TCL
organic compounds and TAL Inorganic compounds by IEA. Analyses were
performed In accordance with the protocol contained In Attachment 5 of
the QAPJP.
2.4.3 Hell Elevation Survey

A site survey had been conducted for DNREC by Robert L. Larlmore of
Hyomlng, Delaware, on March 11, 1986. This survey was used to construct
the site maps Included In the Hork Plan. A summary of the well
specifications for all monitoring wells Installed by DNREC, Including
total depth, reference elevation, and status, Is provided In Table 2-4.
J.G. Park Associates, Inc. (J.G. Park) of Washington Crossing,
Pennsylvania, conducted a survey to determine the horizontal location and
vertical reference elevations of the seven monitoring wells. The survey
was performed on June 4 and June 5, 1990. The reference elevations for
the seven monitoring wells Installed as part of this remedial
Investigation are provided on Table 2-5.
In addition to locating the newly Installed monitoring wells, J.G. Park
delineated site topography. A topographic contour map, with 1-foot
topographic contours, was constructed for this purpose. J.G. Park also
surveyed the existing onslte monitoring wells (horizontal location only),
the existing onslte buildings, and Routes 13 and 42 In the vicinity of
the site. Information from both surveys was combined to construct the
site maps Included In this report.
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'" 2,4.4 Hater Level Measurements

To determine the hydraulic head distribution In the shallow and
Intermediate aquifer zones, four rounds of water-level data were
collected from all accessible monitoring wells. The water level
measurements were obtained on March 27, 1990, April 4, 1990, February 19,
1991, and April 5, 1991, for all existing monitoring wells.
The water level measurements were obtained In accordance with the
procedures contained In Section 4.5,6 of the Hork Plan. A summary of the
measurement procedures follows:

- The well cap was opened and the well head organic vapor
readings were recorded using either an OVA or an HNu.

- Depth-to-water measurements were recorded from the top of the
Inner casing (or from the top of the outer casing If only one
casing was present) using an electronic water-level
Instrument.

- As the probe and the cable of the electronic water-level
recording Instrument were removed from the well, they were
scrubbed with a solution of soap and delonlzed water and then
rinsed with delonlzed water to prevent cross contamination
between the wells.

j - The well name, OVA or NNs reading, time, and depth-to-water
were recorded In a bound field book, which Is stored In BCM
central files.

Potent1r"*r1c surface contour maps were constructed for the shallow and
the Int dlate aquifers for all four dates. Groundwater elevation data
were calculated from the water-level measurements and well reference
locations; these data were then plotted on a map at the appropriate
location, and contour lines were plotted. An evaluation of these data Is
presented In Section 3.2.2.
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TABLE 2-1

SOIL SAMPLING SUMMARY /*•>'

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Sample Name" Sample Date Analytical Parameters

CSB-1 (22-24) 12/05/89 Grain size; coefficient of permeability
CSB-4 (20-22) 03/07/90 Grain size; coefficient of permeability
CSB-6 (0,5-2) 12/14/89 TCL Organlcs; TAL Inorganics
CSB-6 (6-7,3) 12/14/89 TCL Organlcs; TAL Inorganics
CSB-6 (19,6-19.9) 12/15/89 TCL Volatile Organlcs
CSB-7 (4-6) 12/13/89 TCL Organlcs; TAL Inorganics
CSB-7 (8-10) 12/13/89 TCL Organlcs; TAL Inorganics
CSB-7 (20,5-20,8) 12/14/89 TCL Volatile Organlcs
CSB-8 (0.5-2)" 02/22/90 TCL Organlcs; TAL Inorganics
CSB-8D (0,5-2)" 02/22/90 TCL Organlcs; TAL Inorganics
CSB-8 (2-4) 02/22/90 TCL Organlcs; TAL Inorganics
CSB-8A (18-20) 02/26/90 TCL Volatile Organlcs
CSB-9 (2-4) 02/27/90 TCL Organlcs; TAL Inorganics
CSB-9 (4-5,5) 02/27/90 TCL Organlcs; TAL Inorganics I .'
CSB-9 (19,5-20) 02/27/90 TCL Volatile Organlcs
CSB-10 (0,5-2) 02/27/90 TCL Organlcs; TAL Inorganics
CSB-10 (2-4)" 02/27/90 TCL Organlcs; TAL Inorganics
CSB-10 (18-18,5)" 02/27/90 TCL Volatile Organlcs
CSB-11 (0,5-2) 12/19/89 TCL Organlcs; TAL Inorganics
CSB-1 ID (0,5-2) 12/19/89 TCL Organlcs; TAL Inorganics
CSB-11(6-8) 12/19/89 TCL Organlcs; TAL Inorganics
CSB-11 (20,4-20,7) 12/20/89 TCL Volatile Organlcs
CSB-12 (0,5-2) 12/18/89 TCL Organlcs; TAL Inorganics
CSB-12 (2-4) 12/18/89 TCL Organlcs; TAL Inorganics
CSB-12 (21.7-22) 12/19/89 TCL Volatile Organlcs

* Sample name denotes the boring location and the depth, In feet, below the
ground surface, that the sample was obtained from,

** EPA split sample provided to personnel from CDM Federal Programs
Corporation for analyses,

TAL Target analyte list
TCL Target compound list

Source; BCM Engineers Inc. (BCM Project No. 00-6012-02) AR3075Q6
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TABLE 2-3

GROUNDWATEa SAMPLING SUMMARY l)
FEBRUARY 1991

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE.

Ditv
Punched Sampl.M.thod Sample Ar-lytol Param-tof. »•

16A _ Periitaltlcpump Peristaltic pump 02/21/91 WCP
w - PeriMlticpump Pertitaltlcpump 02/21/91 WCP
W - PerlMltlcpump Perhtiltlc pump 02/20/91 WCP

5. • SS ES is
«A P.rtittltlcpurnp Ptrtotiltlcpump 02/20/91 TALMnandWCP

PtrWltlcpun,p 02/19/91 .TCLVWI-
P«tW«N:pump 02/20/91 WCP(«ceptnl.«t.tndnHrl..)
P«̂ lcpump 02/21/9, NJWt.̂ n̂

Ctnmlugilpump Tiflonbaltr 02/20/91 WCP
Pirtettltlc pump 02/20/91 WCP
T̂ onbrtr 02/20/9. T*Hft|»«,nJHft.nJJW

9B» C.n««oalpump Tillonbrir 02/20/91 TALHB,lnoroinloH(j,indWCP
- Centrifugal Dump Teflon batar 02/20/91 WCP

Spin ttmplH from 3 williprovldid to ptnonnil from CDW FedmlPrognmsCotpontlon
FMddupllcttfHmplHobtilniditthiwIocatloni

- Notumplid
TCL TirgH Compound LM
TAL TwgttAnirytiUit (Wand and unNtmdtimplM)
WCP Wit cntmHuy panmiun (immonla, BOD, COD, chlortdi, nltnti, nltritt, tulfiti, and tulMi)

inddlnolvadoxygin

Sourci: BCM Englmtrs Inc. (BCM Project No, DO-601242)

RR3Q7508
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TABLE 1-4

WEU. SPECIFICATIONS
DOMESTIC WEU8 AND DNREC MONtTORtNQ WtLLS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHE8WOLO,OELAWAI«

awm, TOTAL RERRENCE . STATUS
DATE DKMETER MATER* UNQTH «FTH UMHN FNA^ «•

WEU DWUER IN8TAUK) (Mm) (CMlno/KKHn) (M) (fm) (It.NaVO) SERVICE W/M

ow/pw 18.0 200 48.88 .MortWHg DwWHdP«/P» ™ )W <„, MOO*,,,, MM

"•""' USE! " 2C US !" JM! '—.4A HW0t» <HW" '•" r"ir" •-- . ....
„ Hm«u M/J7/B4 4,0 (M/pvo W.O 0̂ «.«

- s= w s .-as ? S S .s
aun» 11/30/M M "«/»« 'M
^ 11/30/M « P«/P« |M
Bum. "/»/* «* P«fl*» "
Bum. 11/89/14 4.0 p«/p« 1M
BUMr« Ê S- i./̂  M * « ;» s*

M E«*DM 09/18/B9 04 MUM .» " *̂
» EM.OM 08/18/BB 08 BMtM M " ««
M &*OM 09/11/98 09 «Mt/p« .8 " 4MJ
4A EMOM 09/1J/9B 08 MUM 1.8 M J«
W WhDM OB/a/BB 08 9M|M M « JJS
W EM DM 08/a/99 08 MUM 1.8 W ««

S BS SS 5 SB I!, S S
Si SB W a SB .« S Ss ss KS s 5 5 a -i —
2)A ureiuvw «*f»*/-w — —- "•-- ,_..

0,8 WH/BW 1.5 1W:4A EMU DM .., .
OA ElrthDlU M/28/B8 0,8 MUM«••• »̂  s zc ' M «•« **«̂  °—»*>

SS ffi M S S «» r:S 222 S=SS KDM SSIS S —— !:! « *" =3 S=̂
30A EMU DM 10/OT/B8 0.8a, s± K s » «- «
ST ErtlDM 10/07/88 04 M*/P« 1.5 0̂
^ EIT9.DM 10/0/88 M M-/P» «J " „„__
k« ErtDM (0/18/89 M MWIM M 5! ' 22 22

10/18/88 U

AR307509
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T«bH 2-4 (Conttnutd)

SCREEN TOTAL REFERENCE STATUS
DATE DIAMETER MATERIAL LENGTH DEPTH ELEVATION FINAL AS OF

WELL DRILLER INSTALLED (incnii| {culng/KTHn) (lull (lni| |lt.,NQVD) SERVICE, 04/90

37A ElfthDM 00/18/88 0.8 UMl/pvo 1,9 18.0 44.92 Monitoring Mining
98A EwthDili 08/18/M 0,8 MMl/pvo 1.9 18.0 44.07 Monitoring Actlvt
MA EtnliDitt 08/19/88 0.8 MHl/pvo 1.9 18.0 42.81 Monitoring Actlvt'
40A EifthDilt 00/18/88 0.8 itnl/pvc 1.9 18.0 UN Monllorlng Mitraytd
41A EutliDMi 00/18/88 0.8 itnl/pvo 1,9 18.0 42.88 Monitoring Activi
42A EinnDM 00/18/88 0.8 ittil/pvc 1.9 18.0 42.90 Monitoring Acllvt
43AR EintiDM 08/09/88 4.0 itHl/ttnl 12,0 20.0 48,00 Rtoovtry Activi
44A EuthDiU 00/10/88 4.0 ilnl/itHl 2.0 18.0 49.88 Monitoring Activi
48A UN UN 1.0 . pvc/pvo UN UN UN Monitoring Activi
488 EtrtnOM 08/IO/t6 4.0 itnl/pvc 10.0 49,0 ' 42.05 Monitoring Acllvt
4«A UN UN UN UN UN UN UN Monitoring Mining
47A UN UN UN UN UN UN UN Monitoring Mining
4BA UN UN 1.0 pvc/pvo UN UN UN Monitoring Acfivt
Simon UN UN UN UN UN UN UN OomtMo Acllvt
Unbutton UN UN UN UN UN UN UN DomtMo AMvt
Hwmlo UN UN UN UN UN UN UN DomtMo Activi
Phllllpi UN UN UN UN UN UN UN OomtMo Activi
KMtn JohniWiH 04/83 UN UN UN 99.0 UN OomtMo Activi
Own-Cutty UN UN UN UN UN UN UN DomtMo Aotlvt
Jonmon RuOyBydt 02/19/72 UN UN UN 92.07 UN DomtMo Actlvt
Dumun LHtttmt 1970 UN UN UN 80.0 UN DomtMo Activi
COM UN UN UN UN UN UN UN DomtMo Activi
Am, Rooting UN 04/84 UN UN UN 40.0 UN OomtMc Activi
atvhin-cu UN UN UN UN UN UN UN oomtMo omnvKi
Qtimait̂ tw JohnFuhr 09/11/89 2.0 pvo/pvo 8.0 80,0 UN OomtMo Acttvt
WMtmi Uttttmt 1974? UN UN UN 70.07 UN OomtMo Actlvt
OUMwiy UN UN UN UN UN UN UN DomtMo Activi

UN UN UN UN UN. UN UN DomtMo Activi

UN Unknown

Sourot: Ctbt Anoolmi, ho,, Much 1987
BCM Englmtn Ino, (BCM Frejtcl No. OMOIitt)

AR3075IO
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TABLE 2-5

MONITORING WELL SPECIFICATIONS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Total Well Depth Screened Interval _____Reference Elevation (ft., NGVD)____
Well (ft., below ground) (ft,, below ground) Outer Steel Casln Inner PVC Casing Ground Surface

MWI-1-43 43 33-43 49,88 49,67 48,20
MWI-2-tO 40 30-40 43.11 42,61 43.04
MWS-3-17 17 4-17 40.17 39.81 40.13
MWI-4-40 40 30-40 41,01 40,90 41.01
MWS-S-18 18 5-18 40.92 40,37 40.91
MWS-6-25 25 15-25 41.41 40.90 41.45
MWS-7-25 25 15-25 41.04 40,25 41.08

NGVD National Geodetic Vertical Datum

Source: BCM Engineers Inc. (BCM Project No, 00-6012-02)

AR3075II
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3,0 ENVIRONMENTAL SETTING

3.1 REGIONAL SETTING

3,1.1 Physiography

The Chem-Solv site Is located within the Atlantic Coastal Plain
physiographic province, which Is characterized as a series of
unconsolldated or partially consolidated layers of sand, gravel, silt,
and clay. These sediments form a wedge that dips and thickens to the
southeast. The thickness of the Coastal Plain sediments Is approximately
3,300 feet In the vicinity of the site. This section of sediments
consists of the Miocene Calvert Formation of the Chesapeake Group, which
Is overlaid by the surflclal Columbia Formation. Regional geologic
Information Is addressed along with the local geologic setting In Section
3.2.1.
3.1.2 Cl Imate

Long-term climatologies! data are available from the Dover, Delaware,
observation station of the National Oceanic and Atmospheric Administra-
tion (NOAA). Monthly summaries of average temperature, precipitation,
and wind data from December 1942 through August 1986 are provided In

, Tables 3-1 through 3-3.
3.1.3 Demographics

The total population of Kent County, Delaware, Is 105,200, according to
1980 U.S. Census data. Hlth a land area of 595 square miles, th'e number
of people per square mile averages 176.8. The ratio of males to females
In the county In 1984 was 94.7:100. Per capita personal Income was
$10,585.00 In 1984.

The total population of Cheswold, Delaware, Is 269, according to 1980
U.S. Census data, Based on estimates for the 1990 U.S. Census the total .
population was 311 In 1990 and Is projected to reach 330 by 1995. The

' ratio of females to males In Cheswold was 90.8:100 for 1980 and Is
estimated to be 104.5:100 for 1990. The 1980 average household Income
was $15,108, and the per capita Income was $5,055. According to the 1990
Census, average household Income was $30,709 In 1990, and Is projected to
be $37,696 In 1995.

3.1.4 LandJltt
The Chem-Solv site Is located In an area zontd for agricultural,
commercial, and residential land use. Strip development, consisting of
commrcUi establishments and private residences, Is found on both sides
of RoKe 13 In the Immdtati vicinity of the sit* (Figure 3-'>AR3075 I 3

3-1
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Immediately south of the site, also on the west side of Route 13, Is an >**s
abandoned field that was part of a former drive-in theatre. The field ( I
extends behind the site to the west. South of this field Is a lumber
yard.
A one-story block building Is located Immediately north of the site.
This structure was associated with a former truck stop/restaurant/
fueling establishment. Three underground storage tanks (USTs) were
removed from this property In May 1988 (Appendix A-8). These tanks
contained dlesel fuel and fuel oil.
An antique furnlture/reflnlshlng store Is located north of the former
truck stop on the southwest corner of the Intersection of Routes 13 and
42. A church and cemetery are adjacent to the furniture store to the
west.
Across from the church, on the north side of Route 42, Is a gasoline
station/convenience store. DNREC files show that 3 USTs were replaced In
June 1990 (Appendix A-8). A vacant lot, formerly the site of a used-car
business, Is located next to the convenience store on the northwest
corner of the Intersection of Routes 13 and 42. Analytical data show
that soils at this location contain total petroleum hydrocarbons,
benzene, toluene, xylene, and ethylbenzene.
An abandoned gasoline station Is located on the northeastern corner of
the Intersection of Routes 13 and 42. A furniture store Is located on /~-v
the southeastern corner of this Intersection; however, DNREC UST files ( j
Indicated that a gasoline station was formerly located there. Three v"r'
4,Odd-gallon USTs were removed In April 1987. At the time of removal,
these tanks were cracked (Appendix A-8).
Both sides of Route 42 proceeding east from Route 13 contain private
homes, except for the cases described above. A roofing business, a
residential home, and a used truck business are all located across Route
13 from the site (proceeding south along Route 13 from the furniture
store).
A Pennsylvania railroad line Is located approximately 3,000 feet west of
the Chem-Solv site. The rail line runs north-south.

3.2 SITE SETTINQ

3.2.1 Geology

The Chem-Solv site Is located within the Coastal Plain Physiographic
Province, which Is characterized as a series of unconsolldated or

md clay. These
southeast. The

ly 3,300 feet In
AR3075U

partially consolidated layers of sand, gravel, silt, and clay. These
sediments form a wedge that dips and thickens to the southeast. The
thickness of the Coastal Plain sediments Is approximately 3,300 feet In

3-2
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the vicinity of the site. This section of sediments consists of the
Miocene Calvert Formation of the Chesapeake Group overlaid by the
surflclal Pleistocene Columbia Formation. Figure 3-2 shows a general
profile of the geologic section under the site.
Local geologic conditions are summarized In the following sections.
Available DNREC monitoring well logs are provided In Appendix 0. Logs
for the wells and borings Installed for this remedial Investigation are
provided In Appendices E and F,
3.2.1.1 Soils
The Columbia Formation, a nonmarlne fluvial deposit, outcrops at the
Chem-Solv site. This formation Is locally characterized by
unconsolldated, moderately to poorly sorted, coarse-to-fine, brown-to-
orange quartz sand. Thin clay, silt, and gravel Interbeds are common
within the formation.
The surflclal sediments of the Columbia Formation are Immediately
underlaid by the Miocene-age sediments of the Chesapeake Group. These
sediments are characterized by gray to bluish-gray silts that are
commonly fosslllferous and sometimes sandy. This wedge of sediments
begins just south of Mlddletown, Delaware, and reaches a maximum
thickness of 1,550 feet at Fenwlck Island (Sundstrom and Plckett, 1968).
The nature of these sediments suggests that they were deposited through a
series of marine transgresslve and regressive sequences.

• The soil types In the vicinity of the site have been detailed by the
United States Department of Agriculture - Soil Conservation Service
(USDA-SCS) In cooperation with the Delaware Agricultural Experiment
Station (USDA-SCS, 1971). Figure 3-3 provides a map detailing soil types
for the site and surrounding areas. Soil at the site Is classified as
Sassafras sandy loam: 0 to 2 percent slopes (SaA) and 2 to 5 percent
slopes (SaB). The Sassafras consists of deep, well-drained, friable,
moderately coarse textured sandy soils. The hazard of erosion Is slight
In SaA and slightly higher In SaB because of the small slope. The pH of
these soils Is In the range of 4 to 5.5. The soils retain moisture
moderately well and are easy to work. They are good soils for farm and

' nonfarm uses.
The region surrounding the site consists predominantly of the Sassafras
series and of the Falllngston loam (Fs) of the Fall Ings ton series. The
Falllngston series consists of medtum-textured soils on upland, mainly
woodland areas. The soils are poorly to very poorly drained with a
moderately permeable to moderately slowly permeable subsoil. Other minor
soils occur mostly as small spots within this Sassafras - Falllngston
soil region but do not appreciably affect the physical properties or use
of the region.

3-3 AR3075IS
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3.2.1.2 Stratigraphy
The Columbia Formation ranges In thickness from 20 to 40 feet In the
vicinity of the site. Hells and borings at the site have encountered a
silt layer (approximately 1 to 6 feet thick) at approximately 18 to 23
feet below grade (Figure 3-4). This layer separates the upper and lower
portions of the aquifer.
The silt layer extends offslte on the eastern side of Route 13 (Figure
3-5), The silt layer was encountered In boring CSB-4, located on the
Lambertson property but was not found In boring CSB-5, located on the
Route 13 median. A second silt layer was encountered at shallower depths
(approximately 14 feet below grade) at borings CSB-2 and CSB-3 and well
MHS-6-25. This layer Is not laterally contiguous with the silt layer
encountered beneath the Chem-Solv site,
3.2.2 Hydrogeology

The average depth to groundwater Is approximately 8 feet below ground
surface at the site. Because of Its limited saturated thickness, only
domestic well water needs can be met from this aquifer. However, the
aquifer Is a source of recharge for deeper artesian aquifers and provides
baseflow to local streams. The Columbia Formation Is a source of
recharge for deeper artesian aquifer between the Columbia Formation and
the underlying Cheswold aquifer of the Chesapeake Group (Sundstrom and
Plckett, 1968).

Groundwater level measurements were obtained on March 27 and April 4,
1990, and February 19 and April 5, 1991. Hater level measurements and
the resulting groundwater elevations are provided In Table 3-4.
Potentlometrlc surface contour maps of the water-table (shallow-zone)
aquifer are provided as Figures 3-6 through 3-9. Potentlometrlc surface
contour maps for the Intermediate-zone aquifer are provided as Figures
3-10 through 3-13.
Hater levels In the Intermediate zone are slightly deeper under
nonpumplng conditions than levels In the shallow zone. A difference In
head of between 0.59 and 0.70 foot was commonly observed.
Calculated water table gradients of the shallow zone varied from 0.0014
to 0.0035 In previous Investigations (CASE, 1987); those gradients ranged
from 0.013 to 0.0017 In March and April 1990. Groundwater flow direction
Is roughly north to northeast; however, groundwater movement In the
Intermediate zone Is roughly parallel to that In the shallow zone (In a
northeast direction). Previously calculated horizontal gradients of the
plezometrlc surface of the Intermediate zone varied between 0.00025 and
0.0009 (CABE, 1987); gradients In the Intermediate zone varied between
0.0025 and 0.00091 In March and April 1990.

AR3075I6
3-4 ,

H tht pagt filmed In tkit inamt it not at ntadablt on legible a4 thl4
label, it *t due to 4ub4tanda4d colo4 04 condition o< the O4lglnal page.



••'1

CABE conducted pumping tests In six well* to determine the hydraulic
properties of the shallow zone. CASE, calculated transmlsslvlty values,
which ranged from 1,429 gallons per day per foot (gpd/ft) to 11,330
gpd/ft. Calculated storage coefficients ranged from 0.008 to 0.159.
Using a transmlsslvlty of 2,200 gpd/ft ami a value of 9.5 feet for the
average saturated thickness of the shallow zone, the average hydraulic
conductivity <K> Is calculated to be 232 gpd/ft* or 31 ft/day.
Groundwater flow velocities In the shallow zone were calculated using an
average hydraulic conductivity of 31 ft/day (K) jnd an average porosity
of 0.15. For the March and April 1990 data, o horizontal gradient
between 0,013 and 0.0017 produces flow velocities ranging from 0.35 to
2.7 ft/day.
CABE conducted one pumping test In a well finished In the Intermediate-
flow zone (OB-45B). The well was pumped for 1 hour at a rate of 21.4 gpm
on June 18, 1986. A transmlsslvlty value of 31,386 gpd/ft and a
storatlvlty value of 1.45 x 10-5 were calculated' from the test data.1
Because the thickness of the Intermediate zone Is not known, CABE could
not directly calculate a hydraulic conductivity (K) for the zone from the
transmlsslvlty value. Therefore, flow velocities cannot be calculated.
3.2.3 Surface Features

The principal regional surface water features Include the Lelpslc River,
Garrisons Lake, Masseys Ml 11 pond, the Fork Branch of the St. Jones River,

, and Silver Lake (Figure 3-14). The Lelpslc River, which runs
-.--' approximately east-west, Is located 1.3 miles north of the site; the

Alston Branch runs north-south, approximately 0.4 mile from the site.
Masseys MlIIpond and Garrisons Lake, which are located along the Lelpslc
River, are situated approximately 2.5 miles and 1.5 miles northwest of
the site. Silver Lake, which Is located along the St. Jones River, Is
located 3.2 miles southeast of the site. The St. Jones River runs
approximately north-south along the eastern edge of Dover, Delaware.
The water shed areas are delineated In Figure 3-15. BCM determined the
boundaries according to the surface topography. The site Is located
within a water shed with a total area of approximately 5.3 million square

• feet, or 122 acres. Surface drainage from the site Is directed to the
north, to the Alston Branch of the Lelpslc. Since the site appears to
lie close to a water shed boundary, some surface water may also migrate
to the east to the adjacent, unnamed branch of the Lelpslc River.
The site Is generally well vegetated. A description of vegetation types
Is provided In Section 5.6.3. Although the site Is not located In a
wetlands area, such an area lies 1 to 1 1/2 miles north of the site
surrounding the Lelpslc River and seme of Its tributaries (Figure 3-16).
The area Is classified as zone V, Transition Marsh, according to the
Hetlands Classification System, which Is based on associated flora

3-5 AR3075I7
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(Delaware State Planning Office, 1976). No single plant species
dominates this zone, which contains ample species of vegetation that grow
under physiographic conditions of wet, muddy areas of low salinity, still
affected by tidal action. Associated waterfowl and wildlife thrive
thanks to ample conditions for food, nesting, and shelter. Just beyond
the northeast corner of Figure 3-16, also along the river, zone V gives
way to zone I. This zone Is a marsh or wetland In which 50 percent of
the area Is salt marsh cordgrass. This primary species thrives In the
saline to brackish water found here, on a layer of peat formed from roots
and accumulated muddy sediment. Secondary flora Is usually associated
with spoil banks along drainage ditches and portions of the marsh above
mean high water. This area Is also a major refuge for ducks, geese,
muskrats, and other wildlife.
The site Is not located within the 100-year floodplaln (U.S. Department
of Housing and Urban Development, 1975). The 100-year flood boundaries
are Indicated on Figure 3-17. They Include the Lelpslc River and
portions of Its tributaries, notably the Alston Branch, which Is located
approximately 1/2 mile northwest of the site. Farther from the site, a
little over a mile to the east, the 100-year flood boundary surrounds the
Dyke Branch of the Lelpslc River, and at about the same distance to the
south, It encompasses the Fork Branch of the St. Jones River.
Site topography Is fairly flat (Figure 3-18). A surface depression runs
east-west along the southern site boundary; this depression resulted from
the excavation and processing of 1,300 cy of soli during site soil s"*-.
remedlatlon activities In 1985. Because this soil has been mechanically I I
reworked, It has different physical characteristics from the surrounding
undisturbed soil. As a result, surface water tends to collect In this
depression after rain.

RR3075I8
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SECTION 3.0
FIGURES
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TABLE 3-1

AVERAGE MONTHLY TEMPERATURE DATA
DOVER AIR FORCE BASE

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESHOLD, DEL/WARE

Month

January
February
March
April
May
June
July
August
September
October
November
December

* Monthly averages compiled

Average Temperature <°F>*

33
36
43
53
63
72
76
75
68
58
47
37

from December 1942 through August 1986.
Source: U.S. Department of Commerce

National Oceanic and Atmospheric Administration

5918y
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TABLE 3-2

AVERAGE MONTHLY PRECIPITATION DATA
DOVER AIR FORCE BASE

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESHOLD, DELAWARE

Month Average Precipitation (Inches)*

January 3.0
February < 3.0
March 3.9
April 3.2
May 3.4
June 3.2
July 4.3
August 4.4 ^̂ ^
September 3.5 (*J)
October 3,0
November 3,5
December 3.5

* Monthly averages compiled from December 1942 through August 1986.
Source: U.S. Department of Commerce

National Oceanic and Atmospheric Administration

5918y
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TABLE 3-3

AVERAGE MONTHLY HIND DATA

DOVER AIR FORCE BASE

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESHOLD, DELAWARE

J

Month Prevailing Direction* Average Speed <mph)*

January NNH 8
February NH . 7
March NH 8
April HNH 7
May SSH 6
June SSH 5
July SSH 5
August SSH 5
September N 5
October N 6
November H 7
December HNH 7

* Monthly averages compiled from December 1942 through August 1986.
mph - Miles per hour
Source: U.S. Department of Commerce

National Oceanic and Atmospheric Administration

591 By
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TABLE 3-1

WATER LEVEL MEASUREMENTS

QHEM.50LV. INC. SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

HMnra Mpmnwiw
Button ffl.MiowgiouoaiuitiMi iH.,NavDl

WH (It, NOW 01/17/90 04/04/90 02/19/81 04/01/91 M/27/10 04/04/80 02/19/91 04/01/91

2A 40,00 7.41 9.94 10.17 6.21 M.91 40,311 13 H 17,71
1A 49.99 7,ei t,H 10.94 813 39,00 MM M.34 3I.W
4A 47.49 1.17 7.13 11.23 855 1112 19,99 19,19 17.84
9A 4143 7.04 912 9.91 7.91 1949 MOO 19.79 1741
9AH 44,99 9,12 505 |l| |l| 34,13 1940 |l| |1|
U 4941 1.11 9,90 1017 1,49 37.91 11,73 15-2J 17,14
M 4U7 |1| 7.39 |1| 1.92 |2| 31,9] |1| 17.39
IA 4UO 4.09 2.01 t.(7 4(1 39.21 40,29 39.93 37.U
99 'IK 490 3.99 999 9,31 37.40 M.44 1139 H.99
M 4M4 7.99 7.2] 10.49 9.94 39*9 19.0] 39.79 17.90
81 4100 a.S7 7,12 10.71 9,99 37.43 MM 39.29 37.19
IDA 43,49 9.90 3,79 7.17 9.09 37.99 19,97 39.79 37.77
HA 43,49 9,02 1,91 |1| |1| 19.41 19,94 |1| |1|
I2A «M« (<l l«l l«l l«l l«l l«l M l«l
1M 414] 9,99 904 9.11 7,2] 1914 40.19 M41 1111
14* 44 B 9.90 1H IN 9,19 19.49 4040 1940 17,19
19A 4U9 7,11 111 9,7) 7.99 1139 39.49 1944 37,73
IIA 4141 9.99 4.49 9.12 9.19 39,19 39M 39.71 17,91
17A 4194 999 9.14 9.41 7.93 MM 19,10 1941 17.91
19A 47J9 190 HI [!| > |S| M.79 |9| |9| |)|
19* 49J9 101 744 1042 9.71 1949 99.44 MM JTJ9
am 4U7 |9| |9| |9| |l| |9| [9| |9| [l| .
HA 4111 197 119 11,91 9.97 3944 39,71 MM 1114 I I
24A 4147 4,40 249 7.01 4.99 3407 9941 39.49 1741 +̂~*r'
M 4149 4.90 1,19 |4| |4| MM 19,99 |4| |4|
29A 4U4 4,11 301 197 4,75 3M3 1941 19.97 3741
J7A 4141 |4| |4| |4| |4| |4| |4| |4| |4|
HA 4949 701 4,99 - 9.41 M97 4049 1941
HW 4141 119 149 |1| |1| M44 3947 |l| |1|
1M 49.70 9.31 414 7.97 0.09 MM MM 19,71 1744
3MII 44.41 9.90 |9| |9| |l| 3191 |9| |9| HI
MM 4141 9,M |1| 7.10 |1| M» |1| 39.71 |l|
39AD 4941 7.92 9,19 |9| |1| 39.31 M.94 |9| |1|
MA 4447 9.19 9.91 - 10.11 3MI 37,19 - H.99
MA 4141 9.91 4,01 9,91 9.19 39,70 MM 1179 17,41
41A 41M 9,49 4.47 7.19 9.79 37J7 MM 3940 17M
42A 4190 927 400 7.M 9,49 37,11 3190 31M 37,44
X1AN 49X0 7.91 «29 IU3 |1| 31M M.71 1177 |l|
44A 49M 7,97 149 104) 119 3U1 3941 1191 1749
49A |7| 991 999 1049 9,71 |7| (7| |7| |7|
499 4109 944 941 7.M - M41 1144 14,97
49A |7| 944 7,97 I1.M 9,19 |7| (7| |7| |7|
MM.M) 4197 11.M 10,97 14,11 1244 37.91 3900 39.9) 37,41
MWU-40 4141 9,11 4.91 9.09 9.29 3190 37,79 34.93 1941
MW4JO 4040 4)0 130 044 499 M.N 37,90 34.49 M41
MW9»17 M4I 3,77 1.99 9.00 U3 39.01 1941 M41 MM
mrt+19 4047 4.27 100 9.99 4,11 M.10 1747 34,71 N44
HIW4H9 4940 4,19 4.19 9,97 4.74 M.M 19,74 34.91 19,19
W¥»7J9 4049 1.11 2M 9.90 4,91 39,44 37.M 34,71 3171

|1| GMMMIIIlMig««giM«MIMM
jlj WMOI«limM*MimlAP<1l4, 1999

|4| WMlMMrXWflMn,,
III MlMlKMAM4.igMiMnoimiuiiijiwn«Mmim4teiMgD«m
|9| OmMMi 9* 91191 mimo mill nummm oo«inmii4«n

NOW MMMKHMIMVmMDMJin

9MMW ICM IVI9MM M. I9CM fmw M, 00«ll4tl M C4M AMMM IMM1 19971
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4.0 NATURE AND EXTENT OF CONTAMINATION

4.1 AIR CHARACTERIZATION

BCM conducted an air Investigation on October 16, 1989, to evaluate the
health and safety needs at the site before Initiating sampling or
Intrusive activities. Organic vapor readings from 12 locations
positioned around the perimeter of the site were obtained using both an
HNu and an OVA. During the sampling, the wind was moving from the
south/southwest direction. Results are presented In Table 4-1.
No sustained organic vapor readings above background levels were measured
using the HNu. Organic vapor measurements ranging from 0.4 to 1,9 units
were recorded using the OVA.

4.2 SOURCE CHARACTERIZATION

4.2.1 DNREC Investigation Results

In previous Investigations, DNREC analyzed soils In the vicinity of the
former distillation building. Approximately 1,300 cy of soil were
excavated, treated, analyzed, and placed bacK Into the excavation.
As mentioned In Section 1.2,1, SMC Martin conducted two phases of soil
sampling at the Chem-Solv facility. Although a soil sample was
apparently collected shortly after the September 1984 fire (CABE, 1987),
no data on this sample were available, All soil sampling discussed below
took place after the 1,300 cy of contaminated soil had been excavated
(Appendix G).
The first phase of soil sampling occurred before the Initiation of the
soil shredding/aeration remedial process In May and August 1985.
Sampling during phase one was designed to determine:

1, The extent and amount of contamination existing In the soil
that had not been excavated either In the resultant pit or
nearby In-place soil

2, The specific range of concentrations and type of compounds
present In the excavated (stockpiled) soils

The second phase of soil sampling occurred during the shredding/aeration
operation In September and November 1985. Phase Two sampling was used to
determine whether the shredding/aeration process was reducing the amount
of volatile organic compound (VOC) contamination In the excavated soil.

AR3075I»2
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4.2.1.1 Phase One Soil Sampling
On May 1, 1985, SMC Martin collected 11 Phase One soil samples. Six were
grab-sampled from 6 Inches Into the excavation sldewall, two were
grab-sampled from 6 Inches Into the floor of the excavation, and three
each were composite-sampled from separate 3-foot borings Into the
stockpiled sol). For details of sampling methods, refer to the 1986 SMC
Martin report.
The 11 samples were analyzed for the following VOCs:

- trlchloroethylene (trlchloroethene or TCE)
1,1,1-trlchloroethane
tetrachloroethylene (tetrachloroethene or PCE)
chloroform
toluene
xylene

Chloroform, toluene, and xylene were not detected In any of the May 1,
1985, samples.
Total VOC concentrations In three of six sldewall samples were 40
mlcrograms per kilogram (ug/kg), 41 ug/kg, and 120 ug/kg. In the other
throe sldewall samples, none of the above VOCs were detected. In the
floor samples, total VOC levels were 132 ug/kg and 3,640 ug/kg; In the
stockpiled soil samples, the total VOC concentrations were 131 ug/kg, 244
ug/kg, and 26 ug/kg.
Four Phase One soil samples were collected on May 10, 1985. Two samples
were obtained from 0- to 3-foot Intervals bored Into the stockpiled
soil. One sample was collected from a boring at a depth of 0.5 to 3 feet
In a nearby drainage way. The fourth sample was taken from a 6-Inch
boring Into the floor of the excavated pit. These samples were analyzed
for TCE, PCE, 1,1,1-trlchloroethene (1,1,MCA), and chloroform, even
though chloroform and PCE were not detected In the May 1, 1985, samples.
Total VOC concentrations In the stockpiled soil samples were 41 ug/kg and
93 ug/kg, while that In the excavation floor sample was 282 ug/kg. The
sample collected from the drainage way contained none of the above VOCs.
On August 16, 1985, the last Phase One samples were collected. Thirteen
samples were composited from 0- to 3-foot Intervals bored Into the
In-place soils adjacent to the stockpiled soils. Six of these samples
were analyzed for VOCs, and seven were analyzed for certain VOCs and
add/base neutral organic compounds.
No acid/base neutral organic compounds were detected In any of the above
samples. Two samples contained VOCs with total concentrations of
31 ug/kg and 1.9 ug/kg.

4.2 AR3075J»3
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Twenty-four samples were also collected from the soil stockpiles on
August 16, 1985. These samples were composited from 3- to 4-foot
Intervals In boreholes up to 9 feet deep and were analyzed for VOCs.
Fourteen samples had VOCs detected, with total concentrations ranging
from 1.1 ug/kg to 480 ug/kg.
From the above discussion, It Is clear that some VOC-contamlnated soil
had been left In the area where the 1,300 cy of soil was excavated, The
excavation did not extend laterally far enough nor deep enough, although
the soil was apparently removed to the water table, In addition, the
In-place soil In the vicinity of the stockpiled soils appeared to have
some minor VOC contamination. The stockpiled soils contained significant
levels of VOCs before soil shredding/aeration. A summary of the Phase
Two sampling to determine the VOC removal efficiency of the remedial
process Is contained In the following section.
4.2.1.2 Phase Two Soli Sampling
During the soil shredding/aeration process, soil samples were collected
before and after passage through the system to evaluate VOC removal
across the shredder, To facilitate easier handling of the material, the
entire soli stockpile was divided Into eleven lots. A total of 122
samples were collected as each of the eleven lots was passed through the
shredder.
4.2.2 Remedial {nve.it|gatlon Results

During the RI Investigation, samples of unsaturated soils from locations
around the edge of the former excavation were analyzed for TCL organic
and TAL Inorganic parameters. Results of these soil samples were used to
determine whether the undisturbed soils adjacent to the excavation
contained volatile contaminants associated with the site. In addition,
previous sampling by DNREC concentrated on characterization of volatile
organic compounds. Results of the additional organic and Inorganic
analyses were used to characterize these compounds.
Sixteen soil samples, Including two field duplicate samples, were
retained from unsaturated soils at seven boring locations and submitted

' to the IEA laboratory for TCL organic and TAL Inorganic analyses. These
samples were obtained In December 1989 and February 1990. Seven
additional soil samples, obtained from the saturated Interval just above
the silt layer, were analyzed for TCL volatile organic analyses. A
summary of the analytical results Is presented In Table 4-2. The
distribution of organic compounds detected onslte Is shown on Figure
4-1. Analytical results (without accompanying documentation) are
contained In Appendix H. The data validation report for these samples Is
also provided in Appendix H.

AR3075H
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Four split samples from three locations were retained for EPA by FPC
personnel for chemical analyses. A summary of these data Is presented In
Table 4-3. The EPA data validation reports, which contain the analytical
data and documentation, are contained In Appendix I. An evaluation of
the comparability of these data sets Is also contained In Appendix I.
4.2.2,1 Volatile Organic Compounds
Four volatile prganlc compounds — acetone, chloroform, methylene
chloride, and TCE — were detected In onslte soils. However, the
presence of acetone In the soils cannot be positively attributed to the
samples, because of contamination of the associated laboratory and lot
field blanks with this compound. In addition, the presence of methylene
chloride cannot be positively attributed to 11 of the 12 samples It was
detected In, because of the presence of the compound In the associated
blanks; however, methylene chloride was detected In the sample from 2 to
4 feet for boring CSB-9 at 4 mlcrograms per kilogram (ug/kg). The.
distribution and concentration of chloroform, methylene chloride, and TCE
are shown on Figure 4-1.
Chloroform was detected In three samples, CSB-6 (6-7.3), CSB-7 (8-10),
and CS8-7 (20.5-20.8), at concentrations ranging from 4 ug/kg to 8
ug/kg, TCE was detected In two surface samples, CSB-8 (0.5-2) and
CSB-1ID (0.5-2), at levels of 5 ug/kg and 6 ug/kg, respectively, TCE was
not detected In the CSB-11 (0,5-2) duplicate sample; however, the
detected concentration of TCE was at the quantltatlon limit for that
compound and does not Indicate a discrepancy for the data set.
One soil sample from among those collected In December 1989 contained two
volatile organic tentatively Identified compound (TIC) and at an
estimated concentration of 10.0 ug/kg each. This sample was obtained
from the 0.5- to 2-foot Interval of Boring CSB-12.
4.2.2.2 Semlvolatlle Organic Compounds
Three semlvolattle organic compounds, benzole acid, bis (2-ethylhexyl)
phthalate, and Isophrone, were detected In the soli samples. Benzole
add was detected In one surface sample, CSB-12 (0.5-2), at 580 ug/kg.
Bis (2-ethylhexyl) phthalate was found In five soil samples at
concentrations ranging from 78 ug/kg to 510 ug/kg. Isophrone was
detected In both samples of unsaturated soils retained from Boring CSB-10
at concentrations of 3,100 ug/kg In the shallow soil (0.5 to 2 feet) and
1,600 ug/kg In the deeper soil (2 to 4 feet),
Semlvolatlle organic TICs were detected In every boring. In general,
unknowns were the most prevalent class of TICs detected, as each sample
contained unknowns. In addition, unknown ketones were detected In 11 of
16 samples.

AR3075l»5
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The lowest total concentrations of TICs were In the two borings (CSB-6
and CSB-7) located south of the former concrete drum storage pad near the
property line (see Figure 4-1). The highest total TIC concentrations
were detected In Borings CSB-10 through CSB-12. Borings CSB-11 and
CSB-12 were located north and east of the former distillation building.
Boring CSB-10 was located adjacent to the largest remaining concrete
pad. Although the CSB-11 (0.5-2) sample had the highest levels of total
TICs (33,900 ug/kg), a duplicate of this sample contained almost 10 times
fewer total TICs (3,800 ug/kg). Also, concentrations reported for TICs
are estimates only, since the concentrations are calculated using the
molecular weight of the compound Identified. Especially suspect In this
sampl'e Is the presence of dloctyl ester hexanedlolc add at 20,000 ug/kg,
which was also detected In the laboratory blank but not detected In the
duplicate sample.
No trends regarding total TICs or compound variation with Increasing
depth were apparent. The boring nearest to the concrete office building.
(CSB-12) contained,the greatest variety of TIC compounds. CSB-11 (0.5-2)
also contained several different compounds, but the presence of one of
these TICs In CSB-11, as stated above, Is suspect. It Is apparent,
however, that soils adjacent to the former distillation building and to
the edges of the concrete pads contain the highest total TICs.
4.2.2.3 Pesticides and PCBs
The pesticide 4,4'-DDT (DDT) and two of Its associated breakdown
products, 4,4'-DDD (ODD) and 4,4'-DDE (DDE), were detected In the onslte
soils. The distribution and concentration of these compounds In the
soils are shown on Figure 4-1.
DDT was detected In 10 samples at concentrations ranging from 3,9 ug/kg
to 99 ug/kg, DDE was detected In 11 samples at levels from 8.6 ug/kg to
310 ug/kg, .
ODD was reported In Sample CSB-11 (0.5-2) and the field duplicate at
levels of 20 ug/kg and 23 ug/kg. DDD was not reported for these samples
by IEA; however, It was determined during the BCM data validation that
these results should have been reported (see Appendix H).
No background soil samples were collected; however, from the distribution
pattern of these compounds In the soil and the proximity of the site to
former agricultural fields, DDT and the related compounds are not
site-related. Hlth the exceptions of Borings CSB-6 and CSB-7, DDT and
Its breakdown products were detected at similar levels throughout the
samples. In all samples, DDT was found at lower concentrations than DDE,
Indicating a long residence time In the soils. In addition, DDT has been
banned since 1974, and Chem-Solv, Inc. operated at the site from 1982
through 1984. Thus, DDT Is not site-related.

AR30751.6
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4.2.2.4 Inorganic Compounds
Nineteen metals were detected In onslte soils. Of these metals, the
presence of beryllium and sodium cannot be confirmed In any sample
because of contamination of the associated blanks for these parameters.
In addition, the presence of nickel, potassium, and zinc In some samples
was questioned during data validation. A discussion of the reasons
leading to these conclusions may be found In the quality assurance review
(Appendix H),
Many Inorganic compounds occur naturally In soils. Concentrations of
those Inorganic compounds detected In onslte soils were compared with
literature values for soil levels In the State of Delaware, surrounding
states, and the eastern coastal region. Table 4-4 provides a summary of
the literature values for these soils, which were used to represent
background soil concentrations. Based on a comparison of site data with
the background data, only two metals, cadmium and lead, are present In.
onslte soils at levels greater than background.
The maximum onslte lead concentration Is 80 mg/kg, compared with the
maximum value for the area of 20 mg/kg. The average onslte lead
concentration for all samples was 22 mg/kg, which Is close to the
background level. Cadmium levels were detected at levels slightly above
the typical levels for Delaware soils. The maximum cadmium level
detected onslte was 1.7 mg/kg (soils from 0.5 to 2 feet and 2 to 4 feet
for Boring CSB-8); the average cadmium level was 0.6 mg/kg. Average
cadmium levels In Delaware are 0.17 mg/kg. However, the average cadmium
level In soils for the eastern U.S. Is 1.8 mg/kg. Therefore, the levels
of cadmium found In onslte soils were not above typical levels found In
regional soils.
4.2.3 Sumnaiy.
Low concentrations of organic compounds were detected In onstte soils.
These compounds Include volatile organlcs (TCE, chloroform, and methylene
chloride), Semlvolatlle organlcs (benzole add, b1sI2-ethylhexyl]
phthalate, and Isophorone), and pesticides (ODD, DDE, and DDT). Nineteen
Inorganic compounds were detected In onslte soils. Seventeen compounds
were detected at concentrations below background soil levels. Only lead
and cadmium were found at levels slightly above background literature
values. BCM submitted a preliminary review of these data to DNREC and
EPA Region III In an Interim Document dated June 1, 1990 (Appendix A-R).
EPA concurred with the conclusion that there were no chemicals of concern
In site soils (Appendix A-9).
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4,3 GROUNDHATER CHARACTERIZATION

Groundwater quality Information for the site has been collected since
October 1984. From 1984 to November 1988 and from June 1989 to May 1990,
DNREC conducted a groundwater monitoring program to characterize the
volatile organic constituents of the plume and to monitor Its evolution.
In December 1985, DNREC Installed and operated a groundwater recovery
system, and monitored groundwater quality of the untreated and treated
water. DNREC analytical results are presented In Appendices B, C, and J.
In April 1990, BCM sampled groundwater from 14 monitoring wells and
analyzed It for TCL organic compounds and TAL Inorganic compounds. In
addition, EPA spilt samples were retained by FPC personnel from three
locations. BCM analytical results and the quality assurance review are
contained In Appendix K; EPA analytical results and the quality assurance
review are presented In Appendix L.
In February 1991, BCM sampled groundwater from 14 monitoring wells and
analyzed It for a variety of parameters (Table 2-3). Split samples were
retained by FPC from two locations and submitted to the EPA Region III
Central Regional Laboratory (CRL) for analyses. BCM analytical results
and accompanying documentation are contained In Appendix M; EPA
analytical results and accompanying quality assurance review are
presented In Appendix N,
A discussion of groundwater quality for the shallow-zone monitoring
wells, the Intermediate-zone monitoring wells, and for nearby domestic
wells Is contained In Section 4,3.1; an assessment of groundwater quality
In the vicinity of the site Is provided In Section 4,3,2,
In March 1991, DNREC collected samples from three domestic wells and one
monitoring well for volatile organic analyses. The domestic wells were
also analyzed for manganese, mercury, and zinc.
4.3.1 Groundwater Quality

The following section presents Information on groundwater quality for the
site from October 1984 to the present. DNREC analytical results from
1984 through 1990 are summarized In Table 4-5; BCM analytical results
(April 1990) for shallow-zone and Intermediate-zone monitoring wells are
summarized In Tables 4-6 through 4-9; &nd a summary of the analytical
results for the EPA split samples (April 1990) Is provided In Tables 4-10
and 4-11.
To confirm results obtained In the April 1990 sampling round, selected
wells were resampled February 19 through 21, 1991, for volatile organlcs
(26A, 33A, and 41A), mercury (9A and 9B>, manganese (26A, 33A, and 39A),
and zinc (33A), In addition, 13 of the 14 wells were analyzed for
additional water quality parameters. These results are presented In
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Tables 4-12 and 4-13. EPA split-sample results are summarized In Table
4-14. In addition, DNREC sampled three domestic walls (American Roofing,
Gearhart/Shane, and Simon) and one monitoring well (39A) on March 4,
1991. DNREC analytical results for March 1991 are presented In
Appendix 0 and summarized In Table 4-15.
4.3.1.1 Shallow-Zone Monitoring Hells
DNREC Investigation Results

Analytical data collected by DNREC for the shallow aquifer have been
evaluated over three time periods: (1) the period from October 1984,
when the first monitoring wells were sampled, through November 1985, when
the groundwater recovery system became operational, (2) the period from
December 1985 through November 1988, when the recovery system was In
operation, and (3) the period from December 1988 to the present, after
groundwater treatment activities ceased. Summaries of groundwater
analytical data from 1984 to 1985, from 1986 through 1988, and from 1988
through May 1990 are presented In Table 4-5.
As Illustrated In Table 4-5, VOCs were found In the shallow aquifer
before the Initiation of the groundwater treatment system. Of these
VOCs, TCE was Identified as the main groundwater contaminant, along with
other associated chlorinated hydrocarbons. Maximum detected concentra-
tions of the VOCs ranged from 2.8 mlcrograms per liter (ug/1) of chloro-
benzene to 130,000 ug/1 of TCE. The other 12 VOCs and their maximum
detected concentrations are: benzene (360 ug/1), chloroform (669 ug/1),
1,1-dlchloroethane (414 ug/1), 1,1-dlchloroethylene (3,200 ug/1),
1,2-dlchloroethane (30 ug/1), trans-l,2-dtchloroethylene (1,000 ug/1),
ethylbenzene (1,100 ug/1), toluene (2,300 ug/1), 1,1,1-trlchloroethane
(1,800 ug/1), m- xylene (250 ug/1), o-xy)ene (106 ug/1), and p-xylene (111
ug/1). These data provided Information on the suite of contaminants
associated with the Chem-Solv site and with the evolution of the plume
before the Initiation of the groundwater recovery and treatment system.
Initial sampling of monitoring wells 1A, 2A, 3A, 4A, and 5A In October
1984 showed total VOC concentrations for eight compounds ranging from not
detected (Hell 3A) to 1,742,1 ug/1 In Hell 1A (located Immediately
downgradlent from the distillation building), Ethylbenzene (150 ug/1),
n-xylene (250 ug/1), o-xylene (27 ug/1), toluene (660 ug/1), 1,1, MCA
(5,1 ug/1), and TCE (650 ug/1) were detected In Hell 1A. By December
1984, total VOCs In Hell 1A had Increased to 112,730 ug/1, with a TCE
level of 110,000 ug/1. The highest level of TCE detected In any of the
wells was 130,000 ug/1 at Hell 1A In January 1985. Since Hell 1A was
destroyed during soli excavation activities In March 1985, maximum TCE
levels In the shallow aquifer may have been higher. Continued monitoring
of groundwater quality Indicated that by October 1985 the plume had
migrated past the northeastern property boundary out to the eastern side
of Route 132; total VOC levels In Hells 24A and 25A, located In the
median, were 223,8 ug/1 and 418 ug/1, respectively; TCE was detected In
Hells 27A and 28A at levels of 197 ug/1 and 207 ug/1, resPec/l'ft*){|75|, fl
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In December 1985, the groundwater recovery system became operational;
analytical results were obtained for both the untreated and treated
groundwater. In January 1986, total VOC levels were 37,946 ug/1 In the
untreated groundwater and 3.5 ug/1 In the treated water. Total VOC
concentrations In the untreated groundwater gradually decreased to a low
of 1,7 ug/1 In April 1988 and then Increased to levels ranging from 49.4
ug/1 In May 1988 to 173.2 ug/1 In July 1988. Total VOC levels In the
treated water ranged from not detected to 10,5 ug/1. Total VOC
Isoconcentratlon maps for November 19B6 and June 1987 are shown on
Figures 4-2 and 4-3.
After the collapse of the air stripper tower, the groundwater recovery
system was shut off In November 1988 and the DNREC groundwater monitoring
program was suspended. CNREC resumed the program In June 1988; however,
much of this sampling program focused on monitoring local downgradlent
domestic wells. Since the recovery system was shut off, sampling of
monitoring wells has been limited to an Individual well In the area of
the recovery system. No volatlles were detected In Hell 5A In February
1990.
Remedial Investigation Results

A summary of EPA split-sample results Is presented In Tables 4-10 and
4-11. Groundwater analytical results for samples obtained In April 1990
and analyzed for TCL organic compounds and TAL Inorganic compounds are
presented In Tables 4-6 through 4-9. Isoconcentratlon nvps for total
VOCs, total volatile tentatively Identified compounds (TICs), and total
Semlvolatlle TICs are shown on Figures 4-4 through 4-6, Additional
groundwater samples were obtained In February 1991 from selected wells to
confirm results obtained In April 1990. Summaries of these results are
provided In Tables 4-12 and 4-13. A summary of EPA split-sample results
Is presented In Table 4-14.
Nine volatile organic compounds — acetone, benzene, 1,2-dlchloroethane
(1,2-DCA), methylene chloride, tetrachloroethene (PCE), toluene,
1,1,1-trlchloroethane (1,1,MCA), trlchloroethene, and total xylenes —
were found during the April 1990 sampling round In five of the nine
shallow wells (Table 4-6). Total VOC concentrations ranged from 5 ug/1

' In Hell MHS-5-18 to 563 ug/1 In Hell 33A to 921 ug/1 In Hell MHS-7-25.
Twelve volatile TICs were found In two of the wells at total
concentrations of 6,800 ug/1 and 2,660 ug/1 for Hell 26A and 2,640 ug/1
for MHS-7-25. The presence of 1,2-DCA In Hell MHS-7-25 was questioned
after a review of the supporting documentation (Appendix K).
In February 1991, three wells (26A, 33A, and 41A) were resampled and
analyzed for volatile organlcs. Generally, the levels of volatile
organlcs detected In the groundwater were lower In February 1991 than In
April 1990. No volatlles were detected In Hell 41A. Benzene was
detected In Hell 26A at 29 ug/1; substituted benzenes were also
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tentatively Identified In this well. TCE, PCE, and 1,1,1-TCA were
detected In the onslte well, 33A, at 115 ug/1 (average value of the
sample and Its duplicate), 4 ug/1, and 10 ug/1, respectively. PCE had
not been detected In Nell 33A In April 1990; however, both TCE and
1,1,1-TCA levels were much lower than the 1990 levels (115 ug/1 versus
540 ug/1 for TCE and 10 ug/1 versus 127 ug/1 for 1,1,1-TCA).

Phenol was found In only one well (MHS-7-25), at an estimated
concentration of 9 ug/1. Eleven semlvolattle TICs were detected In three
of the offslte shallow zone monitoring wells (26A, 41A, and MHS-7-25).
No pesticides were found In any groundwater sample.
Both filtered and unflltered groundwater samples were obtained from all
wells and analyzed for TAL Inorganic compounds. Twenty Inorganics were
detected In these samples (Table 4-7). These data were evaluated by
comparing detected concentrations In the filtered versus the unflltered
samples for each well and by comparing detected concentrations versus the.
background levels found In Well 22A. Aluminum, barium, calcium,
chromium, cobalt, Iron, magnesium, manganese, potassium, selenium,
sodium, and zinc were all found at higher levels In the filtered than In
the unflltered sample for at least one sample. EPA Region III QA
guidance for groundwater filtration procedures and data evaluation (EPA,
April 23, 1990) Indicates that there may be several causes for this,
specifically errors In sample labeling (when nearly all filtered
concentrations are higher for a particular sample) and contamination from
Improperly cleaned filters (when Iron, zinc, aluminum, and copper are
higher In the filtered samples). Since the majority of the metals
results for all samples show higher levels In the unflltered samples,
there do not appear to be labeling errors. To evaluate the possibility
of contamination from Improperly cleaned sampling equipment, results for
the duplicate samples (Hell 26A) and the field blanks were reviewed,
Hlth the exception of cobalt, all of the Instances where a high
concentration was found In the filtered sample were not repeated In i
duplicate sample.
In addition, arsenic, barium, calcium, cobalt, Iron, magnesium,
potassium, sodium, and zinc were found at higher levels In the filtered
than In unflltered samples for at least one field blank. The Instances
of higher concentrations of metals In the filtered samples do not seem to
represent sample labeling or equipment decontamination problems, but
appear to be a function of analytical method precision and accuracy, The
results (Table 4-7) show two major trends, which support the method
variability assumption. Hhen filtered samples had higher concentrations
than unflltered samples, they generally contained the following metals:
sodium, calcium, magnesium, manganese, and potassium were found. These
metals are matrix defining (as In salts) and are present at higher
concentrations. The analytical system precision decreases as
concentrations Increase. The other trend was noted at the lowest
concentration metals reported, where the analyte may or may not be
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' detected at or near the required detection limit. The differences of
concentration between the reported filtered and unflltered allquots do
not appear to show analytical disparity,
Inorganic results were also compared with background groundwater quality,
represented by Hell 22A. Aluminum, barium, calcium, chromium, Iron,
manganese, mercury, potassium, sodium, vanadium, and zinc were found In
at least one shallow well at levels greater than five times the
background levels. Manganese and sodium were found In most or all of the
downgradlent wells at levels greater than background.
To confirm elevated levels of manganese, mercury, and zinc detected In
several downgradlent wells, several wells were resampled In February
1991. Levels of manganese in Hells 26A, 33A, and 39A and levels of zinc
In Hell 33A, which had been detected In April 1990, were confirmed by
results of the February 1991 resampling. Additional groundwater quality
parameters (biochemical oxygen demand, dissolved oxygen, and so on) were
measured In 14 of these wells to evaluate whether anaerobic groundwater
conditions exist. Many Inorganic compounds, Including manganese, become
more soluble In water under anaerobic conditions. The highest manganese
concentration (25,400 ug/1) was found In Hell 26A. Low pH and dissolved
oxygen (DO) concentrations for this well Indicate anaerobic conditions.
Groundwater from several other locations (33A and 39A) also has low pH
and DO concentrations. However, the patterns of manganese and zinc
concentrations were dissimilar; zinc levels were elevated In 33A but not

'"• 39A, and manganese levels were elevated In 39A but not 33A.
In April 1990, mercury had been detected In Hell 9B at levels up to 2,8
ug/1. In February 1991, both 9A and 9B were sampled and analyzed for
mercury. Hell 9A had not been sampled In April 1990; however, It was
Included In the sampling event to define mercury concentrations In the
shallow zone. In addition, since the maximum contaminant level (MCL) for
mercury In water (2 ug/1) Is based on toxlclty Information for Inorganic
mercury, these wells were also analyzed for Inorganic mercury In
accordance with the method presented In the Sampling Plan. Although the
levels of mercury detected In Hell 9B were similar to those recorded In
April 1990, no mercury was detected In the shallow aquifer at that
location (Hell 9A). Thus, Chem-Solv Is not the source of the mercury

' levels In Hell 9B.
EPA Split-Sample Results

In April 1990, split groundwater samples from Hells 41A and MHS-5-1B were
provided to personnel from FPC for analyses. Summaries of these
analytical results are contained In Tables 4-10 and 4-11. The EPA data
validation reports containing the analytical results sheets and
documentation are contained In Appendix L. In February 1991, split
groundwater samples were provided to FPC personnel* for analyses. A
summary of these results Is presented In Table 4-14.
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EPA split-sample results for organic compounds generally agreed with the /•"x
BCM data. In April 1990, EPA detected chloroform at an estimated ' ,
concentration of 2 ug/1 In Hell MHS-5-18. Chloroform was undetected In
the BCM data for this well; however, this does not represent a serious
discrepancy, because of the low level detected by EPA. Total
Semlvolatlle TICs found In the EPA and BCM data for Hell 41A were at 48
ug/1 and 86.1 ug/1, respectively. No pesticides were detected for any
sample.
In April 1990, detected concentrations of Inorganic compounds for both
the EPA and BCM data sets generally were within 10 percent of each
other, Except for antimony, which was not detected In any BCM result,
the detected compounds for the spilt samples were the same. In addition,
barium was detected In the filtered samples above the levels In the
unflltered samples for both wells. This pattern agrees with the pattern
seen In the BCM data set and Is probably a function of analytical
precision and accuracy.
4.3.1.2 Intermediate-Zone Monitoring Hells
DNREC Investigation Results

From October 1984 through November 1985, six volatile organic compounds
were found In Intermediate-zone monitoring wells (Table 4-4). These
compounds -- chloroform, 1,1-dlchloroethane (1,1-DCA), 1,2-dlchloro-
propane, toluene, 1,1,1-TCA, and TCE — were detected Infrequently In /*•*%,
onslte Hells SB and 9B. No organic compounds were ever detected In the i)
upgradlent well (66) or In the offslte side gradient and downgradlent
wells (7B and BB). The maximum detected VOC levels detected were 1.3
ug/1 (chloroform), 1.2 ug/1 (1,1-DCA), 38 ug/1 (1,2-dlchloropropane),
2.3 ug/1 (toluene), 2.1 ug/1 (1,1,1-TCA), and 3.4 ug/1 (TCE). No
Semlvolatlle organic compounds were found In any well during the
December 1984 sampling.
During groundwater remediation activities, the total VOC concentrations
for the onslte Intermediate zone wells ranged from not detected to 44.5
ug/1 (Hell 9B).
Remedial Investigation Results

In April 1990, low concentrations of volatile and Semlvolatlle compounds
were found In the two onslte wells and the upgradlent well (Table 4-8).
TCE was detected In Hell SB at an estimated concentration of 5 ug/1 and
was undetected In Hell 9B at the quantltatlon limit. Total Semlvolatlle
TICs were 10 ug/1 In the upgradlent well (MHI-1-43), 103 ug/1 In Hell SB,
and 60 ug/1 In Hell 9B. No volatile TICs, Semlvolatlle organic
compounds, or pesticides were detected In any groundwater sample.
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In April 1990, mercury was detected In Hell 9B at levels of 2.85 ug/1
(average of samples and Its duplicate) In the unflltered samples and 2,7
ug/1 (average of duplicate samples) In the filtered sample. In February
1991, Hell 9B was resampled for mercury; Hell 9A was also sampled to
determine whether mercury was present In the shallow aquifer zone. In
addition, these samples were analyzed for Inorganic mercury since the
maximum contaminant level (MCL) for mercury (2 ug/1) Is based on toxlclty
Information for Inorganic mercury. Both total and Inorganic mercury were
undetected In the samples from Hell 9A.
The concentrations of total mercury detected In Hell 9B In April 1990
were similar to the results of the February 1991 samples. Inorganic
mercury concentrations In Hell 9B were higher In the unflltered sample
(2.6 ug/1) than In the filtered sample (0.3 ug/1), Indicating that much
of the Inorganic mercury Is not dissolved In groundwater. However, the
total mercury concentrations for both filtered and unflltered samples
(2.2 ug/1 and 2.1 ug/1, respectively) were less than the Inorganic.
mercury concentration. The high Inorganic mercury concentrations
reported may be due to matrix Interferences as a result of the
modifications made to the standard mercury method for these analytes.
EPA Results

Field duplicate samples were analyzed In April 1990 from Hell 9B (Tables
4-10 and 4-11). No organic compounds were detected In either sample.
Twelve Inorganic compounds (aluminum, antimony, barium, calcium, Iron,
lead, magnesium, manganese, mercury, potassium, sodium, and zinc) were
detected. Field duplicate results were generally within 20 percent of
each other and with the BCM split samples. However, the aluminum
concentration In Sample 9BD (227 mg/1) was twice the level In the
duplicate sample (114 mg/1); aluminum concentrations for the BCM split
samples were 428 mg/1 and 398 mg/1.
4,3.1.3 Domestic Hells
Up to 14 domestic wells located down or side gradient from the site have
been monitored since October 1984. The majority of these wells collect
water from deeper zones In the aquifer (greater than 100 feet below
ground surface); the total depth of some of these wells Is less than 50
feet or Is unknown (CABE, 1987), DNREC analytical data Indicated that
low concentrations of VOCs had been detected In some of the residential
wells. A replacement well was Installed on the Gearhart property because
of the presence of VOCs; however, this well was apparently Improperly
Installed and became contaminated with groundwater from the shallow
aquifer. A new well was Installed to a deeper depth.
No volatile organic compounds were detected In the Simon domestic well,
which DNREC sampled In March 1991. One volatile compound, 1,2-DCA, was
detected In the American Roofing well at 5 ug/1.
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4,3.2 Assessment of Groundwater .Quality

Data from the historic data base were used to evaluate the horizontal and
vertical migration of the site-related plume from a period shortly after
the explosion and fire In October 1984 to November 1988, when the ground-
water recovery system was shut down. Data collected during RI field
activities were used to confirm the Information collected by DNREC and to
monitor any further plume migration since the cessation of groundwater
remediation activities. In addition, these data were used to provide
additional data necessary to characterize Semlvolatlle compounds, pesti-
cides, and Inorganic compounds In both the shallow- and Intermediate-
aquifer zones.
Groundwater quality Information obtained during this and previous
Investigations Indicates that groundwater from the shallow aquifer
beneath and downgradlent of the site has been affected by site activities
that produced organic compounds, primarily TCE and related compounds. In.
addition, manganese and zinc have been detected In wells located onslte
and downgradlent from the site, TCE and other organic compounds were
present In the shallow groundwater from the area beneath the former
distillation building to the eastern edge of Route 13. Impact to the
deeper zones of the aquifer has been limited by the presence of a silt
layer approximately 20 feet below the ground surface In the vicinity of
the site. However, some VOC contamination of the Intermediate zone has
occurred, as Indicated by low levels of VOCs In the Intermediate-zone
monitoring wells and nearby domestic wells. /"""'l
Historical analytical data show that TCE In the shallow groundwater
reached levels up to 130,000 ug/1 In Hell 1A. The operation of a
groundwater recovery system prevented much of the TCE from migrating
offslte. The maximum TCE level detected In the wells located In the
Route 13 median (24A, 24B, and 39A) before the Initiation of the
groundwater recovery system was 389 ug/1 In October 1985; after the
Initiation of groundwater treatment In December 1985, TCE concentrations
In these wells reached a maximum of 460 ug/1 In July 1986 at Hell 39A but
dropped to 233 ug/1 by November 1986. In April 1990, TCE concentrations
had decreased to 6 ug/1 offslte (Noll 39A) and 540 ug/1. By February
1991, onslte TCE levels had dropped to 115 ug/1, while offslte
concentrations decreased (Hell 26A).
In addition, a second distinct plume has been Identified just north of
the Intersection of Routes 13 and 42. Groundwater quality for Hell
MHS-7-25 differs from groundwater quality associated with the site; the
types and concentrations of the compounds detected In this well are
dissimilar to the pattern associated with site groundwater
contamination. Groundwater containing acetone, benzene, 1,2-DCA, and
xylenes, as well as benzene-, pentane-, , and hexane-related TICs, was
found In Hell MHS-7-25. Benzene and xylenes are hydrocarbons generally
associated with a fuel source, such as an underground storue, Aaaki jjajfc
not with the solvent source Identified for the Chem-Solv sPw.OvWniwfe3
was found In Hell MHS-7-25 at a concentration of 830 ug/1; the maximum
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[BCM
benzene concentration found In groundwater onslte or near the site was
200 ug/1 (Hell 26A), The presence of benzene In MHS-7-25 at concentra-
tions much greater than levels found near the site and the fact that the
maximum benzene concentration detected during the DNREC monitoring
program was 360 ug/1, Indicates that groundwater quality for this well
has been Influenced by a source or sources other than the Chem-Solv site.
Information obtained from the DNREC Underground Storage Tank Branch
Indicated that there are several potential offslte sources for the
organic compounds In groundwater at Hell MHS-7-25 (Appendix A). Soil
samples were obtained during the removal of underground storage tanks at
a gas station northwest of the Intersection of Route 13 and Route 42.
Benzene, ethylbenzene, toluene, xylene, and total petroleum hydrocarbons
were found at levels of 2.1 mg/kg, 10 mg/kg, 16 mg/kg, >300 mg/kg, and
410 mg/kg, respectively. The levels of these compounds present In the
soli at a location directly upgradlent to Hell MHS-7-25 Indicate that
leaking underground storage tanks at this location are the probable
source of the benzene, toluene, xylene, and related compounds found In
groundwater at Hell MHS-7-25.
The benzene, xylene, toluene, and other TICs Identified In Hell MHS-7-25
have been Interpreted to be representative of compounds found In the
subsurface after gasoline or other petroleum hydrocarbons (No. 2 fuel oil
or jet oil) are spilled (Appendix A-ll), No compounds found In this well
are associated with Chem-Solv. The benzene was detected at a concentra-
tlon four times as great as the maximum levels detected In the historical
data; 1,2-DCA, which was detected In this well at an estimated concentra-
tlon of 16 ug/1, Is not a degradation product of TCE (Appendix A-ll).
Therefore, groundwater quality at this location has been affected by a
source or sources other than the Chem-Solv site.
Manganese, mercury, and zinc were detected In April 1990 at levels above
background In several wells. However, according to analytical data
obtained In February 1991, the mercury present In Hell 9B Is not site-
related, because mercury was undetected In the shallow well at the same
location (9A). Zinc was elevated In one well, the onslte shallow well,
but was not elevated above background In any of the downgradlent wells.
The highest manganese concentrations were found In Hell 26A, located
downgradlent of the site. Manganese levels onslte at Hell 33A did not
exceed background. However, elevated manganese levels were found In the
wells downgradlent of Hell 26A. The high manganese concentrations In
Hell 26A may have resulted from Increased manganese solubility due to
anaerobic conditions. However, the cause of the low DO and pH at this
location Is unknown. Other wells with low DO and pH have manganese
levels that are lower .by an order of magnitude. Therefore, the source of
the elevated manganese In the groundwater Is unknown. However, the
highest manganese levels were found In Hell 26A, which has been affected
by an offslte source or sources.
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TABLE 4-1

AIR INVESTIGATION RESULTS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

ORGANIC VAPOR READINGS
LOCATION TIME OVA HNu

1 1145 0.4 NIR
2 1147 0,4 NIR
3 1148 0,6 NIR
4 1148 0,8 NIR
5 1149 0,8 NIR
6 1149 1.0 NIR
7 1150 1.0 NIR
8 1151 1.2 NIR
9 1152 1,5 NIR
10 1153 1,6 NIR
11 1154 1.7 NIR
12 1155 1,9 NIR

NIR No Instrument response

Air monitoring survey performed October 16,1969; winds from the
win-southwest
All organic vapor readings recorded above background leveli

Source: BCM Engineers Inc. (BCM Project No. 004012-02)
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TA9L9M
SUMMMIV OF 9011 ANAimCM. MSUll S

CH1M-VXV, INC. MB MMCDUL NV99TKUTION
CHIIWOIO,DCLAWAM

IEAOrj»n«54m«f«i 9CM07 BCM09 OCMII BCMM 9CM09 9CMI1 BCM29
: 9CM07 9CMM .. 9CMM 9CM09 » 90*9

MttimM; 00944 000941 IXI094I DOOM 000940 000149 HMH9
SWUM Mlr ll/U/lt 19/14/19 I2lllrtl 12/ll/M 12/11/W 12/14/19 02/22/90

CSM CSM CS94 CS9-7 C9B-7 C90-7 C999
IO.MI (9.7.11 I1I9.191I |44| 19-101 110*2991 • 10,921 "

12.0 90 7J.O 90 130 90 400.0 BO «9.0 90 M.O 90 100 BJO
90' U 9.0 J 40 J 19.0 9.0 40 J 9,0 U
12,0 90 90 BJO 10 IX) 119 U 7,0 H 10 9JO 80 90
99 U 9,0 U 10 U 119 U 9,0 U 1.0 U UJ
NO M 40 19.0 99 4.0 «,»

ComooumiM/MI
MUM NO NO NO NO HO NO ND
NoHM.KMtV- ND ND ND NO NO NO NO
Pmm,J4Mlyt. NO ND NO NO NO NO NO
914M,MM11«. NO ND ND ND NO , NO NO
LMmm(T>M ND ND ND ND NO ND NO
LMmMiH|«M4nill NO ND ND NO NO NO ND
TMWMMTfe ND ND ND ND NO ND NO

NT I.40M U 2.mO U NT VMU UNT mo u mo u NT irao u
NT TOO U 39M U NT
NT NO NO MT

NO NO NT NO NO NT ND
NO ND NT ND ND NT NO
ND NO NT ND ND NT ND

• 119991 NO NO NT NO NO NT ND
• PMWKTMI) NO NO NT NO NO NT ND

KI10.4H NO NO NT ND ND NT NO
"(T««l 1.1000 4000 NT 9090 A 2900 NT 1000

UKMMXimKim.m NO NO NT NO NO NT ND
UMmOMMlMn 119.19) ND ND NT NO ND NT ND
IMMMM ND NO NT ND ND NT ND
IMmmMtmn««9,4ll NO NO NT NO NO NT ND
LMmmiMntflMI XOO ND NT ND NO NT 1,9900
TMHmMMTCl 1,4000 4009 NT MOO 20U NT 21094

•A-009 199 U 190 U NT 119 U 199 U NT 44J>
4,f400 190 U 199 U NT 110 U 190 U NT 99 U
'M'-OOT i9o u 190 u NT no u no u NT 299

17.90U 11,1009 NT U.TWO 11,9090 NT 10,7090
10 || 0991| NT 1,9 || 0*T II NT 1.9
•99 MO || NT 299 || 199 || NT 429
0,14 U 0,14 U NT 0,19 U 0.19 U NT 0,11 U
0.11 U 099 U NT 0,7 U 0,71 U NT 091U

C4MM 97M |(J 2»0 |M NT 27U IN 2499 |(J NT OU> II
199 7.1 NT 19 K NT 99
M U U || NT 4,1 || 1,4 U NT IT ||
49 || 1.9 || NT 19 || 2.9 II NT IT

119090 IBM NT 9.99M T.490A NT I.49M
7,0 1.1 NT 7.0 99 NT 199

1.0KU) 4I1« || NT 4IU || H0« || NT 1790 ||
71.7 919 NT 199 999 NT 19M
99 7.9 || NT 99 ||0 M |K) NT J4

91I« ||0 1744 ||0 NT 121.0 110 T9U IP NT
099U OJ9U NT 099U 1.4 U NT
199 ||0 2M ||0 NT 190 |K) 29,1 ||0 NT 99.1 ||0
29.1 IU NT IT.9 1U NT 147
109 11* 0 NT 147 (4.9 NT 9W i
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lEAOfgmcSmpMNI).: BCM29 BCM90 BCM11 BCMM BCM17 BCM41 BCMM I f
lEAMfgUMS4fflp»NO.: BCM29 BCMJO ,, BCMM BCM37 •• BCMM .. I

BCMStmpMNo,; 004997 004999 003109 001791 0097N 00979) 009794
SWHMOlli: 02/82/90 01/22/90 02/20/90 02/27/90 02/27/90 02/27/90 02/27/90
StmwNtnw CSMD CSM C5MA CSM CSM CSM CSB-10

10.9-21 " |24| (19-tO) (2-41 |4-«.5| (19*20) (0*2)

12.0 BQ 12.0 BO 12.0 BO 19,0 BO 19.0 M 19.0 BO 11.0 OJQ
CMofOMmi 9.0 U 9.0 U 9.0 U 9.0 U 9,0 U 9,0 U 9,0 U
MltlrlmCMaMt 9,0 BO 9,0 BQ 10.0 BO 4.0 J 0.0 U 9,0 BO 94 U
TrtoNmmiM 9.0 U 9.0 U 9,0 U 9.0 U 9,0 U 9.0 U 00 U
TOUVWMM ND NO NO 4,0 NO ND ND
\HHtUj Omme T«ntt«v««y tttmUvl
Con»euM»uio/>g>
Hnm ND NO ND ND ND ND NO
P4HIIM, 2-mmyt- ND ND ND ND NO ND NO
PMtm,Mmnyl< ND ND NO NO ND ND ND
SIMM, mm*- • ND NO ND ND NO NO NO
UnMMMiaoWl ND ND NO ND 'NO ND ND
IMm«mHymc»Mn ND NO NO ND NO NO NO
TOMWMMTICI NO ND NO ND ND ND ND

Bmttt/M 1,900,0 U 1,900,0 U NT 1,9004 U 1,9004 U NT 24004 U
W4<Hf>y«Wyl| (*»*•• 3904 U 79,0 J NT 1104 J 9104 NT 1904 U

N04 U 3794 U NT 3904 U 3TM U NT 3.1004
NO 794 NT 1104 9104 NT 3,1004

NO NO NT ND NO NT NO
009 Iwwc 07*9) NO NO NT NO ND NT ND
I \tunttm MM, dlroyl M (29471 NO NO NT ND ND NT NO
MtMmm 11949) NO NO NT NO NO NT NO
8u9llMH Bill* (Ton) NO NO NT ND ND NT NO
TikNnpipm tarn* (10,42) NO NO NT NO ND NT ND
UnM*Mt(TMI| 14004 24004 NT 14004 1,9004 NT 1,0004
IMMM1ftmM0M7) NO NO NT NO NO NT NO
lMmMCM«WMon|l349) NO NO NT ND ND NT NO
LMBtMlOM ND ND NT 2004 J ND NT ND

ND NO NT ND NO NT ND
3,7004 9004 NT 94004 4,9004 NT 94004
4,7004 24004 NT 94004 0,4004 NT 94004

HKlUIHuoflnl
4f«t 994 3T4 NT 1104 94 J NT 1004
M-ODD 9,1 U 9,1 U NT 10,0 U 104 U NT 'M U
4.C40T 314 174 NT 91,0 1.9 i NT 314

14,9004 13,0004 NT 10,9004 19,4004 NT 0,1*0.0,
2,7 44 NT 10,7 2,1 NT M
901 591 NT 1«« 44,9 II NT 72,9
0,971|0 0,93 |P NT 0,99 ||Q 0.99 j|Q NT 049110
1,7 1,7 NT 1,9 14 NT 0*1 U

H94 || 9*34 || NT 1,9904 4914 II NT 9994 II
Ommuffl 1M 12,1 NT 114 94 NT 10*
ClM 9,4 || 9* (I NT 9,1 II 94 II NT 4.4 ||
C4W« 9.9 94 NT 14.0 14 jj NT 114
M* 11,1004) 12,7004 NT 11,9004 104004 NT 94*04
UM 244 294 NT 34,1 9* NT 39,1

W4 || 90)4 || NT 7074) || 4610 || NT 9234 II
1994 1)94 NT 29*4 1014 NT 1114
4.1 ||0 4,9 ||0 NT

49*4 ||0 9074 ||0 NT
049U 017|| NT 041U 019U NT 049U •
924 ||0 1024 ||0 NT 1274 ||Q 107* 1)0 NT 1414 1)0
19.9 19,7 NT 111 194 NT 1)4

Znc 32.1 J 294 J NT 73.9 J 1*0 J NT 914 J

O
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KACtgKMUmpltM 9CMH BOH! KM» OCM1I BCMU 9CM» 9CMII
KAIwgiw9im°ltN° BCMJ4 ,. OCMII OCMI9 BCMII .. KMIO

BCMStmpKNo. OH7I9 OOI7H OOOIM 000197 000191 OOOMI OOOH2
iMipiitMtu/17/n oi/27/to 12/ii/n 12/11/11 12/11/11 u/n/n a/am
tmtHHHM. CS9-IO CS9-IO CH-II CSMID C9»I1 CWII CM-11

|24| II4-1I9I 10HI " 101.21 " IMI U04.107I 10HI
PnnKWIUnlll

WHrit O,a.n«. luaftal
Mmx 11.0 IX) 110 90 12,0 U 12,0 U 11,0 U 100 U 110 U
annum io u io u io u io u io u 10 u to u
MHlylmCNonH 10 U 110 00 10 U 10 U 10 U 10 U 10 U
TMMtMMM 10 U 10 U 1,0 U 90 J 10 U 10 U 10 U
TMMMM ND ND ND 1,0 NO NO ND

HIUM ND NO NO ND ND NO NO
Pllw»,l-flMI|l- ND ND ND ND ND NO • NO
PMm,XlMlyl- NO NO ND NO NO NO NO
aara.mnfi NO ND NO ND ND ND 100 J
um*m(T«'<| ND N0 N0 ND N0 ND 100 J
U*M«IH)««M«l NO NO NO NO NO NO NO
TMVMWTICl NO NO ND NO NO NO 200

1,100.0 U NT 1,«000 U 1,1000 U 1,1000 u NT MOO J
1100 J NT MOO U MM U 1700 U NT WOO J
imo NT mo u MOO u 1700 u NT MOO u
1,799* NT NO ND , NO NT IflW

ND NT NO ND ND NT ND
009 Mm (27,0) ND NT MO J NO NO NT NO
HHM*MHU,«M»t«|2U7| ND NT 20X009 9J NO NO NT 44»9 *J

ND NT NO ND NO NT ND
7M>M(1lH| ND NT 9000 1000 1000 NT NO

((l04l| ND NT NO NO NO NT ND
UMMB(TlM) 1,1000 NT 7,9000 1,4000 4000 NT MOM
UMmMMMPMT) ND NT NO NO NO NT KM J
Um«lCWMM4ll|11M} NO NT NO NO NO NT NO
UMMDMM ND NT ND NO NO NT ND
u*t**n/n*n*i<t,»\ NO NT NO NO NO NT NO
UHMMIIMMITMII MOOO NT UOOO 1,1000 ND NT 1X09
T«MlllliiillHllTIC» 11,1000 NT 1MODO MOOO HOD NT UOOO

4,«« 410 NT l«0 1100 110 U NT 1990
4f«0 100 U Nl 100 HO 110 U NT 190 U
4,«OT 94 J NT MO MO 110 U NT 114

14100 NT 11,1000 11X00 I9JOOO NT 10JOOO
91 NT 7.1 U 017 1| NT 91
111 NT 10U 17.1 17,1 || NT 199
0,7 1|0 NT 0,11 U 011 U OI4U NT 014 U
041 U NT 071 U 0,74 U OIUU NT 094 U
714,0 || NT 14700 IP 1710 ||J 1700 |LI NT I,1>U J
11.1 NT 11.0 101 10 NT 101
10 || NT 11 || 4.1 || II || NT 19 ||
12 NT 104 11.4 10 I) NT 91

4,7100 NT loiooo i.mo rjno NT 9.1100
111 NT MO Ml II NT Ml
MI.O || NT 1790 || MI4 || M74 || NT 7179 ||
1410 NT 1410 IMO 1710 NT 1MO
44 || NT 41 || II || II U NT 11 ||0

1410 ||0 NT 7110 || 7010 II 1110 || NT 4JJO ||
021U NT 014|| OJ4U OMU NT 0»U
711 ||0 NT 11.7||0 «4||Q HI ||Q NT 27,1 1(0
111 NT 111 111 111 NT 111
141 J NT III 111 119 NT 44.1
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IEA ftOMIO 8«nolt NO.! BCMI7 BCM29 BCM01 BCM02 BCM01 BCM04 BCM09 I ,
l&MnocB«M«4mWNQ.: BCM11 •• 8CM01 6CM01 BCM01 BCM04 •• '

BCMBWPWNO,: 000993 000992 000947 000*49 000141 000942 000990
SmFMOM! 12/19/99 12/19/99 12/19/99 11/13/99 12/14/99 12/14/99 12/19/99
StmeMNvm: CSB-12 CSB-12 Wd Trip Trip Find Tup

|2-4| |J1,7-2J|' Bin* ••• Bin* "• Null "• Blink •" Bttl* •"
PniflWM( (Until)

VoU>» Orating |IM/>HI
114 U 104 U 2,900.0 104 U 10.0 U 19.0 104 U
9,0 U 94 U 120.0 U S.O U 94 U 94 U 9.0 U

MMlrMwCMffldt 94 U 94 U 120,0 U 94 U 4.0 J 94 U 94 U
Tlk»*nm»l» 0.0 U 94 U 1204 U 9.0 U 94 U SO U 94 U
ToMWHMl NO NO 2,0004 ND 44 194 ND

_

ND ND NO ND 304 J ND
NO NO ND ND ND NO
ND ND NO ND 0,0 J ND
ND ND NO ND ND ND
NO NO NO NO 144 ND
NO NO ND ND ND NO
ND NO ND NO 914 ND

NT 50,0 U NT NT 504 U NT
NT 9,0 J NT NT 104 NT
NT 104 U NT NT 104 U NT
NT 94 NT NT 104 NT

PMm,*ffl4«yt-
Uml,t1mtlr)-
Ul*no<m(ToU|
U

DOIlMIMtprM*)
HMM«MiioM,oiN«r1M|2l47)
MHWW1W4 (19*91
9ut4MuMrMn»(TiMI|

Mmr (10,421

* .lei«ic«A.tn'̂ .*?
the O4lglnal page.



IEA Crown 8«npM No.: BCM10 BCM13 BCMI4 BCM19 BCM19 BCM23 BCM24
lEAMIJKWSwpHNo.: .. BCM09 BCM14 BCM12 BCM13

BCMhmpllNo.; 000991 OODU9 000994 000999 000*00 000*91 000994
SmpMOttt! 13/19/99 12/19/99 12/19/99 12/19/99 12/19/99 13/20/9* 12/20/9*
SmpMNwm: FIlM FlUd Trip Mp FltM Trip FIlM

Blink ••• ami, "• Bum ••• BUM ••• Biwk ••• Bunk »« Blink •

10,0 U 10,0 U 104 U 10.0 U 10,0 U 104 U 104 U
CMoroWm SO U 4,0 BJQ 7.0 BO 9.0 U 9.0 U 9,0 U 9.0 U
M4tiyMmCM«Wl 9.0 U 9.0 U 9.0 U 9.0 U 9,0 U 94 U 94 U

94 U 9,0 U 94 U 9,0 U 94 U 9,0 U 9,0 U
ND NO NO NO ND NO NO

CmeatmMlinl
204 J 20.0 J ND ND 60.0 J NO 9.0 J
ND NO NO ND 10,0 j NO NO
ND ND ND NO 204 J ND ND

S«ml,ll<Mfn> ND ND ND ND ND ND ND
UnkMM(Tottl| ND ND ND ND NO ND ND
Unknown tt|*K»nwi NO ND ND NO 204 J ND ND
ToWVWMMTKl 20.0 20.0 NO ND 1104 NO 9.0

tOnttmcl Ma/tel
BmMMU NT 10,0 U NT NT 944U NT NT

Mi NT 104 U NT NT 104 U NT NT
NT 10.0 U NT NT 104 U NT NT
NT NO NT NT NO NT NT

\**ura,H*rt- NT ND NT NT . NO NT NT
OMlMnwOTMBI NT NO NT NT ND NT NT
I ImniaWl Md, °*otn « (29471 NT NO NT NT ND NT NT
MMMinmll***) NT 1004 J NT NT ND NT NT
SuMMMmml(ToW) NT 100,0 J NT NT NO NT NT
TlKMon*M*mMnw (10.41) NT 10.0 J NT NT NO NT NT
LHm«l(ToM) NT 22)4 NT NT 1104 NT NT
IMmwiAfomwamtT) NT NO NT NT ND NT NT
UMn«inCNgmMon|134l) NT 10.0 BJ NT NT NO NT NT
IMmmMM NT NO NT NT ND NT NT
UnwoM1Hr«MlMn|).49| NT ND NT NT NO NT NT
UMMMiHMm(TiM) NT NO NT NT ND NT NT
ToMHmMMUlTICI NT 34*4 NT NT 1104 NT NT

4,4'-ODf NT 0.10 U NT NT 0,10 U NT NT
'4,4'40D NT 0.10 U NT NT 0,10 J NT NT
4,4'-OOT NT 0,10 U NT NT 0,10 U NT NT

Nl' 714 U NT 71,2 U 71,2 U NT NT
NT 1.0 U NT 14 U 1.0 U NT NT
NT 2.1 || NT 1,7 U 1,7 || NT NT
NT 0,7 U NT 0.7 U M U NT NT

CttlMn NT 34 U NT 34 U 34 U NT NT
NT 12*4 || NT 137,0 || 20*4 || NT NT
NT 4.1 U NT 4,1 U 4,1 U NT NT

CoM NT 10,7 U NT 10,7 U 10,7 U NT NT
NT 19 U NT 34U 34 U NT NT
NT 29,1 ||0 NT 199 ||0 224 |P NT NT
NT 14 U NT 14 U 14 U NT ' NT,
NT 4,4 U NT 4,4 U 4,4 U NT NT

,'' NMfHIIM NT 44 U NT 44 U 44. U NTflP')fT7CCO
j NMM NT 214(1 NT 194 U 1)4) U NT* " «J W/ 3 0 0

-̂S fiumim NT 9744 U NT 7114 ||Q 1744) U NT »<T7114 ||Q
NT 14 U NT 14 U 14 U NT NT
NT 9444 || NT 4714 || T7M || NT NT
NT 9,1 U NT 91 U 91 U NT NT

Hue NT 4,0 U NT 4.0 U 7* || NT NT



m/i
!EACtgim9«mpl<Noj BCM11 ICM32 BCMJ4 BCM39 BCIlHO BCM4I

BCM1I SCMU •• .• BCMtt BCM4I
BCMStfll|MNo.l 004m 009000 0092N 009170 OOtTM 009717

Simp* DM! OJ/U/W 02/22/M 02/21/10 02/lt/N 01/27/M 02/27/n
Trip niM Trip FIIM FMM Trip

Bulk" giink* Kink1 BUnk* Bunh* BMk*

Vol.m.OfQinici(uu/ka)
Acmn 10.0 u 10,0 u 10.0 u 10,0 u no u 100 u
CMonDonn 1.0 U 90 U 9.0 U 90 U 9.0 U 90 U
MmymilCMdM. 9.0 U 90 U 10 U 9,0 U 9,0 U 9.0 U
TlletlMUWIKW 9.0 U 9,0 U 90 U 9,0 U 9,0 U 9.0 U
ToulVoMn NO NO ND NO ND ND
VoUM. OromJc T«illUv*v

NO NO NO ND ND ND
NO NO ND ND ND NO
NO ND NO ND NO ND

Sllml,lrkrMlyl. ND ND NO ND ND NO
U*nam(TMI| ND ND NO ND ND ND
UrM9«lHr*miMn NO ND ND ND NO ND
ToMWMMTKl NO ND ND NO ND i NO

9mWAM NT WO U NT NT 90,0 U NT
M4(M>qMql|pMMMl NT 104 U NT NT 104 U NT

NT 100 U NT NT 100 U NT
NT ND NT NT ND NT

|,|I»««I,H«||. NT ND NT NT NO NT
DMMmr|n«| NT NO NT NT ' NO NT
NMnMll«,«M)IMp*l7| NT ND NT NT ND NT
MHWOTM(IMI) NT ND NT NT NO NT
9uMMMPMM(TM| NT 100 NT NT ND NT
TrHNMI>lp4mlHmif|1041) NT NO NT NT ND NT
IMmMllTMQ NT 90 NT NT ND NT
UnUmnMnwltgmaT) NT NO NT NT NO NT
w»r... rvKMn|194H NT ND NT NT NO NT
UnumnAwi NT ND NT NT ND NT
Untmmrl|«Kn«l|l.l9| NT NO NT NT ND NT
UrMOMlKMM(TMI| NT ND NT NT ND NT
TMH9mMMIiTIC4 NT 190 NT NT NT NT

I IMpMlMlfllMCMMIlMlMiyllll*(i >t̂ *<*<*MtM>M*™t¥KM(<
II kl<«»M>IUiOIMMMIinl4lMM«MCtaM|lMWMIIMIOL

ND NK
NT MI
(A

o
4,4-CM ' NT OIOU NT NT 0,10 U NT
4,4'-000 NT OIOU NT NT OIOU NT
t,4«T NT OIOU NT NT OIOU NT
Inofgmtc Compound! (mortal
Hmnm 71,1 U 712 U NT NT 71,1 U 71,2 U
Am* 1,0 U 1,0 U NT NT 1,0 U 1,0 U
Btnm 1.1 ||0 J7 ||0 NT NT 1.1 ||Q 1,7 U
B«y*m 0,7 U 0.7 U NT NT 017 (N 0.7 U
CMmm 11 U 11 U NT NT 12 U 12 U
ClkMm 10,4 || 197,0 || NT NT 221,0 || 119 ||Q
Ctiroroum 4.1 U 4.1 U NT NT 1.1 U 4.1 U
COM* 10,7 U 107 U NT NT 10.7 U 10.7 U
Copp* 1,1 u II U NT NT )l U 1.1 U
lion 12 ||0 191 ||0 NT NT 47.7 || 9.1 ||Q
UM 1,0 U 1.0 U NT NT 1.0 U 1.0 U

4.4 U 14 U NT NT 44 U 4,4 U
40 U 10 U NT NT 4,0 U 40 U

«*• 149 ||0 11,0 U NT NT 11,0 U 110 U
ftXMUn 174.0 U MOO ||Q NT NT 7100 ||Q 1740 U
SMMum 1.1 U 1,2 U NT NT 1.9 U 1,1 U
Stxttm 3114 || 412.0 || NT NT 9100 || OH ||
Vtradun 91 U 1,1 U NT NT 1,1 U 01 U
IlH 4,0 U 4,4 || NT NT 1.1 || 1.1 ||

• It.. '';*"/."J""~A "" 7"""" o—""" »* not Oil ac«uii0v«...0̂  «KB4.Q.<C.,C4 thit-labtl, 4t 44 due to 4ub4tanda4d colo4 04 condition o< the%4lglnal page.



TA9LC4-1

SUMWWOf SOIL ANALYTICAL H88ULTS
EPA SPLIT 9AMPU3

CHEM.80LV. INC SITE REMEDW. iNVISTrOATION
CHESWOLD. DELAWARE

EPA CHUM Sum* No,: CCHI1 CCH17 CCH97 CCHS4 CCHII CCH99
SOT9HOM: 02/22/90 02/22/90 02/27/90 02/27/10 02/22/10 01/22/M

EP»S«m»NWM: SBOIOI S90141 S90M2 SBOMM 5VK»1 SVI002
S4W.ux.lwv CSM CSM C39-10 CSB-10 IlipBUnk TnpBlvik

0.9.2- 05-r 2-4' 11-11,1'
Pranmiumi
VOUHI. Omimc« liffl/kol
AMOM 32.0 B U.OB 13,0 B I7.0B 10,0 UJ 1.1,0 B
CMonmnnm i.o j 9.0 LU 1.0 UL I,OUL 9,0 u 9,0 u
CMcnMim 9.0 U 9,0 U 00 U 1.0 U 4.0 J 4.0 J
1*OfeMmifim(Tgt4l) 9,0 U 0,0 U 1,0 U OOU 1.09 9.0 U
MHIrMlCNMM MOB 294) 294B 22.0B 1.09 90B
Town. 1,0 J 0,0 UJ 00 UL 1.0 UL 9.0 U 9.0 U
TMKXywm 0.0 UJ 9.0 UJ 1,0 UL 00 Ul 34 J 1.0 U
TMMKMMM 14 J 4.0 J 90 U OOU 94 U 9,0 U
TMVOMM 7.0 4,0 ND ND 7.0 4.0

UtrMM Comoouia. hartal

WHM*)««IWlt««« 240.0 J 210.0 J 2104 J NT NT NT
7400 U 1700 J 100,0 U NT NT NT
740,0 U 7400 U 1,9004 NT -NT NT
2404 1900 3,1904 NT NT NT

4000 J 9004 J 4004 J NT NT NT
UnM*mA*m(T«ll| NO ND 1,9004 J NT NT NT
TMHImNttllTIb 4004 9044 24900 NT NT NT

4,4'40I 1100 1000 2100 NT NT NT
4,4'-ODO 194U M4U 12.0 J KT NT NT
4,I'-OOT 974J 994J D4J NT NT NT
ToMPMMH 197,0 1994 279.0 NT NT NT

12400,0 11,900.0 10,9000 NT NT NT
AWM 7,7 9,9 94 NT NT NT
gnu* ' 799 71.4 994 NT NT NT
CMrmm 0.1 1| 0,5 1| NT NT NT
C4WM 717411 971411 1.1900 1| NT NT NT

> CMflMtn 11.1 12.4 17.9 ' NT NT NT
CMW 1.0 1| 9,7 1| 9.0|| NT NT NT
Cm* 101 100 11,7 NT NT NT
KM 1.170.0 1,720.0 9,1700 NT NT NT
LHd 919 294 49.9 NT NT NT

771411 779011 7994(1 NT NT NT
214,0 2304 1490 NT NT NT
I4|| 9,1 1| l»|| NT NT NT

441,011 4410(1 1024 1) NT NT NT
•Ml) 944 1|) 914|| NT NT NT
19.0 194 17,9 NT NT KT

Doe 44,1 414 1944 NT NT NT

NO NM
NT

tern; U.9.IPARMWH
CMWMIT KM IfllnnM, IKM PmMNI, 004011421

lb i4 Mt ̂ ^ a a o n l u a tlabtl, it *4 due to 4ub4tanda4d colo4 04 condition o| the O4lgi"i Jaje.



TABLEM

BACKGROUND SOIL LEVELS FOR INORGANIC COMPOUNDS

HEM-SOLV, INC, SITE REMEDIATION INVESTIGATION
CHESWOLD, DELAWARE

SouthimNJ/ EMttmUS,
Northirn ____Oiliwui (b)____ M»ryl9iid/ Qtomitrto

PKtfflit9f (mg/kg) Diliwwi(«) M*M SO Diliwwifi) Mun(d)

Aluminum 30,000 - - 700 -30,000
AT9*filO <0,1-2,8 - - ' 19-41 *
B*tlum BOO 10-300 300
Beryllium O - - <1 -
Ctdmium - 0,17 o,oe - 1,1 o
CtWum 130-2,300 - - 130-5,200
Chromium 90 - - 1-30 38
Cobllt 3-5 - <3 7
Copp*r <1-10 S 2.2 <1-20 14
Iron <7,OOD - - 100 >10,000 19,000
IMd 20 10 2 <10-20 14
Mtonnlum 0.1,900 - - 90-3,000
M*n09n99* 190 <2-300 2(8
NioM 7-10 8.8 4,4 <5-10 13
PottlHum 18,000 - - 2,200-11,000
S*l9lilum 0,9 - - <0,1-0,3
Sodium 0.9,000 - - <900-9,000
VtMdlum 30-90 - - <7-90 48
am 82 0 29 t <B-198 0 36

8D SUndvd Orbital
- D»ttnotlV9JI«t)t9
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libt1? Wtfy**! in Pi* 4*a;* u Mt " âdabltjin to9U,l̂ tt~tkit~labtl, 4t 44 due to 4ub4tanda4d colo4 04 condition o< the %4lglnal pagt.

O

Q



BCM
N.

3.

•

J j

20
51
 

33
05

5/
1B
/8
6 

07
/1
4/
86

B-
45
B
 

Ht
CD
Mt
y

)
3
M
N
 

R
A
W

S O n

ill5" J8"

iii;
«M*8s

«P
sp
%
•II-
•If
•II!Bo*

lli-88

ill•s8
•i|-98
-1"S8
iij
** M *

it
!

0 » O Q Q O « « | 0 0 f

rs"̂ ' a§ |

, , , , , , , , , ,g g .

1 i 1 1 1 1 1 1 1 1 W N

8 'aga^s'iss | '

s'sssjjS'ss; ;

g i g g g g g i g g p p
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SUMMARY OF QROUNDWATER ANALYTICAL RESULTS FOR ORGANIC COMPOUNDS
EPA SPLIT SAMPLES

APRIL1990

CHEM-SOLV, INC SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

EPAOrginloSimpliNo,: CX889 CX732 CX697 CX896 CX6«
SvnpllDlM! 04/08/90 04/06/90 04/05/90 04/09/90 04/05, W
Smote Nimt; Jf f *Bf 'Ŝ Ŝ WĈ f "SmŴ '

will Typt: '" 6̂  w,'H'""''6TiiiH W'''otiiii'iii M"
PinmtMr(Unltt)

V6lrtl»0rotiilet(ufl/ll
2-But*non* 10.0 R 10,0 R taOR 10,0 R 10,0 R
CMwoftxm 8,0 U 5,0 U 5.0 U i.O J 5,0 U
MttnyltrttCtllortdi 3,0 B 6,0 B 5,0 B 1,0 B 6,0 B
TotUVbKUIn ND ND ND Z.O ND

ainilvoimi»Oroinle»(uQ/ll ND ND ND ND NT

Somhmlilllt Otoinle TmUtlv«lv
krtimtHdCompoundilug/ll
2-CydotnxM-ol ND ND 10 J ND NT
Unknown (TatU) ND ND 38 J NO NT

PMHddM/PCBitifl/ll ND ND ND ND NT

FltMdupUcattMinplM

O

B
J AnilyMprtMfit RipoiMviilutmiynotMioniritiorprielw,
R UnmiiM* rnuft, Antly»miyo«miy not b*pnwm in ttwumpli, Supporting dtonwitMy to confirm mult.
U rMdMdwl, Tin inodittx) numbtt Indkatn ippronlmm umptt ooflomtmtlon nicMiiiy to bt ditKtud,

ND Notdtttotfd
NT NMtMMd
DO Downgndltnt
SO
Sootoii U.S,tPAH»g(oolll
ComplM by; BCM EnglMtn Inc. (BCM Prajtot No. 004012-02)
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TABLE 4-19

SUMMARY OF QROUNDWATER ANALYTICAL RESULTS
DNREC RESULTS
MARCH 1991

CHEM-SOLV, INC SITE REMEDIAL INVE8TIQATION
CHESWOLD, DELAWARE

EPACtginloSunpllNo,: 6M 607 606 60S 610
SimpllDiti! 03/04/81 03/04/81 03/04/91 03/04/91 03/04/91
Simpli Ntmi; '

WillTypt;:'
Pinnwttr (Unltt) Slitllow

VoltHltdniinlotluQ/ll
AMMM 9JB (JB 13 B 8 JB 8JB
BNItM 9U 9U 9U 12 SU
2-Blltinom 16 B 14 B 16 B 19 B 18 B
1,1-OichlofMthin* S U 9U 5 U 2J 9U
1,2-DlchlOfWthint 9U 5J 9U 9J 9U
1,1,VTrictikxo«jthMt 9U fl U 9U 3J 9U

VnlrtbOrMnlcTirmUvtlv
IdiMHIidCompoundtlua/ll
1H-M«M,2,Mlhy<lr(M-met ND ND ND 21JN ND
Unknown ND ND ND 7JN ND
Unknown ND ND ND BJN ND

Inonunte Compoundt (uq/l)
MmgWtM 27,9 E 67 E 212 E NT 2 UE
Mwouiy 0,2 U 0,2 U 0,2 U NT 0,2 U
2nd 116 171 21,9 NT 1.93

B Nota«NMwbMiMillyibovtth*l«vilrtp9itidlnlil)o»toiyoillildblinln,
E VilMMOMdilmtrunitmoillbntlonrinoi
J AmtyMpnnm, RtpoftidvilwmiynotlMKounMofpfiolM,
U NoKMNM, Th*uwoliMnumbMln<lloî iwioiilmit(HmpliDonotnlntkinnMtMiVytobidilî
N Cofnpound not priNnt In oiUbfition fiht,
ND NOidMMiN
NT NottwM

SO SkMgradliM
Nan; Ulmnplwunllllind

Cwnpdwlby; tXMEnglnNnlne,(BCMPn|MlNo,OIM012-02)

TR307596
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5.0 HUMAN HEALTH AND ENVIRONMENTAL RISK ASSESSMENT

5.1 INTRODUCTION

5.1.1 Overview

This human health and environmental risk assessment describes the
potential for adverse health effects from exposure to chemicals found In
the soil and groundwater at the site. Risk assessment combines the
concentration of the chemicals with toxlcologlcal data to produce a
numerical estimate of the potential health effects due to current or
future possible exposure to chemicals.
5.1.2 Site Description

This section presents a brief description of the site and a summary of'
the conditions pertinent to the risk assessment. For the risk
assessment, the points of Interest In the site description focus on
opportunities for human and environmental exposure, now and In the
future. The site description Includes surrounding land use, evidence for
current exposure, and the site's proximity to surface waters. A more
detailed presentation of this Information Is given In Sections 3.1 and
3.2 of this report.

j The 1.5-acre Chem-Solv site Is an open field adjacent to a four-lane
highway. The surrounding land use Is a medium-density mixture of
agricultural, commercial, and residential land use. Although there Is a
residential unit adjacent to the site and there are others In the area,
area residents have left no evidence of consistent site use such as dirt
bike paths or pathways to schools or playgrounds crossing the site.
The solvent recovery facility, which operated from 1982 to 1984, was
closed after an explosion and fire that may have released solvents Into
the surrounding soil, groundwater, and air. In April 1985, 1,300 cubic
yards of soil were processed after the presence of solvents In the
groundwater was Identified. The soli material was processed onslte to

' remove the chemicals of concern and then replaced.
The nearest surface water and point of groundwater release Is the Alston
Branch of the Lelpslc River, approximately 0.4 mile from the site. No
wetlands are adjacent to the site. The excavation, processing, and
replacement of the soil resulted In an onslte depressed area that holds
rainwater for extended periods. As a result, certain wetland type plants
with an affinity for wet conditions grow In the vicinity of the
depression.

AR307598
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S.I.3 Scope of Risk Assessment

The risk assessment Is a formal procedure with protocols established by
the EPA (EPA 1989a, 1989b, 1986a-f, 1985). First, the risk assessment
evaluates the chemicals found In the soil and groundwater at the site and
determines which site-related chemicals are a potential concern to human
health and the environment. Next, It considers the likelihood that
humans or the environment are currently exposed to these chemicals or
will be at some time In the future, In the final step, It uses the
concentrations of the chemicals at the point of exposure to estimate the
potential for adverse effects on human health or the environment.
All chemicals, even beneficial ones, may produce some harmful health
effects If concentrations are sufficiently high. The factor
differentiating safe from harmful Is the amount of chemical entering Into
the body (dose). The risk assessment procedures estimate whether the
concentration of a particular chemical Is high enough to cause concern
for human health and the environment.
Risk assessment protocols are designed to be conservative to account for
uncertainties such as the extent of contamination and the presence of
highly sensitive Individuals In the exposed population. The conservative
approach Is used to ensure that the results of the risk assessment will
protect human health and the environment.
The risk assessment evaluates a reasonable "worst-case" scenario so that
regulators and the general public can compare this site with other
measures of risk. This approach makes risk assessment a useful tool In
ensuring that all aspects of potential adverse health effects have been
addressed.
Therefore, the risk assessment Is structured to predict the "worst-case"
effects that can happen, rather than the most likely or probable
potential or actual health Impacts.
5,1.4 Organization of Risk Assessment

The risk assessment process consists of four steps: Identification of
chemicals of concern, exposure assessment, tox1 cologleal assessment, and
risk characterization. The steps are briefly described below.

- Identification of Chemicals of Concern, presents the data and
describes the extent of contamination. The chemicals of
concern are selected based on validity of the data, frequency
of detection, range of concentrations, and comparison with
background.

AR307599
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- Exposure Assessment determines the various ways humans are
exposed to chemicals from the site (exposure pathways) and
the concentrations actually taken Into the body (dose).
Exposure pathways are Identified according to human
populations, flora, and fauna In the vicinity of the site and
within the pathways of chemical migration.

- Toxlcologlcal Assessment presents the toxlclty values derived
by EPA toxlcologlsts for known health effects of each
chemical. The toxlclty values are calculated from studies
that relate the level of a chemical taken Into the body
(dose) to an effect on human health (response).

- Risk Characterization estimates a numerical value for the
risk by combining the dose from exposure with the toxlclty
value. It presents potential carcinogenic and noncarcl no-
gen I c health effects. It also presents uncertainty factors
or an evaluation of how well these assumptions can be relied
upon to give an accurate description of the risks.

5.2 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN

The analytical data for the site have been compiled and evaluated. Those
site-related chemicals frequently detected at concentrations above
background (chemicals of concern) have been selected for characterization
of the risk.
5.2.1 Data Collection Considerations

5.2.1.1 Historical Data
Site analytical data are discussed In detail In Sections 4.2.1 and 4.3,1
of this report. In summary, volatile organic chemicals were detected In
16 shallow and 1 Intermediate onslte wells, In 9 shallow offslte wells,
and In a limited number of residential wells. Data are available from
1984 to 1990. Evidence suggests that the sources for chemicals detected
In these samples are not from activities on the Chem-Solv site, but
elsewhere. Post-remediation soil analytical data show that the
concentration of volatile chemicals has been reduced below levels of
concern.
5.2.1.2 Rationale for Collection of Remedial Investigation Data
For the Remedial Investigation, 14 monitoring well locations were
selected to further characterize and delineate the offstte migration of
chemicals In the groundwater. Beneath the site Is a clay layer that
separates a shallow aquifer and a deeper (Intermediate zone) aquifer.

5-3 AR307600
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Offslte, the silt layer Is Intermittent and the aquifers are likely to be
connected. The 14 monitoring wells, both existing and new wells, were
selected to characterize both the shallow zone and the Intermediate zone
of the aquifer.
Samples were collected from unsaturated soils In locations surrounding
the area remediated In 1985 to determine whether the remediation was
sufficient horizontally and vertically.
EPA risk assessment protocol recommends that samples from areas not
affected by the site be collected to provide background Information of
naturally occurring chemicals. Chemicals found at concentrations similar
to background levels are eliminated from further consideration In the
risk assessment. No background soil samples were collected as part of
the remedial Investigation. However, literature values were used to
calculate background soil conditions.
Groundwater

Groundwater samples were collected from 14 monitoring wells. Two of
these wells (22A and MHI-1-43) represent upgradlent, background samples.
These samples were analyzed for Target Compound List (TCL) organlcs and
Target Analyte List (TAD Inorganics. The analytical results for
groundwater are presented In Tables 4-6 through 4-11. Filtered and
unflltered samples were analyzed from all wells. Of the 16 groundwater
samples (Including duplicate samples), six were collected from
Intermediate-zone wells, one of which Is upgradlent of the site. The
remaining 10 samples were collected from the shallow aquifer, Including
one background (or upgradlent) sample.
Sol 1
Twenty-one soil samples were collected from seven onslte borings at
depths from the upper 6 Inches to 20 feet. Eleven samples were collected
from the surface soil, defined In this risk assessment as the upper 6
Inches to 4 feet. The remaining samples were collected at Intervals to
20 feet. These samples were analyzed for TCL organlcs and TAL
Inorganics. The analytical results are presented In Tables 4-2 and 4-3.
Background soil samples were not collected, because of difficulties In
selecting a representative background area. There are multiple sources
of offslte contamination because of the proximity of the highway and
agricultural fields. Also, airborne contaminants may have been
associated with the explosion and fire. Because the area potentially
exposed to any airborne contaminants Is unknown, the selection of a
representative background sample was not possible.
Literature values reported for soil from the State of Delaware,
surrounding states, and the eastern coastal area were used to define
background concentrations. AR3fl7£ni
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5,2,2 Data Evaluation Considerations

The existing and RI analytical data on Inorganic and organic chemicals In
soil and groundwater were compiled and evaluated. The assessment
Included QA/QC Information, location of samples, range of concentrations,
and comparison with background.
5.2.2.1 Historical Data
Data collected from previous site Investigations and the ongoing
residential well-sampling program are presented In Sections 4.3.1 and
4.3.2 of this report. The data were not Included In the risk assessment
because there are Insufficient quality assurance/quality control (QA/QC)
samples and documentation. Also, the current RI data Is more
representative of existing conditions.
The decision to omit historical data does not Indicate that the data are
Inaccurate, but only that there Is Insufficient Information to support a
review In accordance with EPA risk assessment protocols. The QA/QC
Information Is used to determine the validity of the data. As discussed
In more detail In this section, there Is an Inherent uncertainty In all
analytical results that must be evaluated to determine whether the
reported concentration Is accurate. The Information necessary to perform
a QA/QC review In accordance with EPA protocols was not available for the
historical data.
The data collected during the RI Is considered more representative of
existing conditions. The soil and well locations sampled were designed
to delineate the extent of contamination, and the samples were collected
In accordance with EPA protocols. The most recent historical data were
collected In September 1988.
5,2.2.2 Quality Assurance/Quality Control Evaluation of Data
The validity of analytical data Is evaluated using QA/QC protocols.
QA/QC protocols are used to determine the level of confidence that the
chemical concentration reported by the laboratory Is the same as the
concentration actually present In the sample. QA/QC protocols verify a
series of requirements to support the validity of the data, such as
proper operation of the analytical equipment, consistent standard
methods, correctness of calculations, and any uncertainty associated with
the concentrations reported by the laboratory.
Before the selection of chemicals of concern, the data were validated to
Identify cases where the reported concentrations may be Inaccurate
(estimated concentrations) or the chemical may not have been present In
the sample when It was collected (questionable data).

AR307602
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Data validation Identifies chemical concentrations that could not be
measured accurately. These data, called "estimated" or "trace"
concentrations, occur when the concentration of a chemical Is below a
level (quantltatlon limit) that can be measured accurately, but above a
level that can be detected (detection limit). In cases when the result
Is estimated, the chemical was present In the sample; however, It Is not
certain whether the actual concentration was greater or less than the
reported concentration.
During the collection and handling of samples and during laboratory
procedures, chemical compounds can be Inadvertently Introduced. To
account for these accidental additions of chemical contaminants, blank
samples prepared In the field or laboratory are also analyzed. Chemicals
detected In either the field or the laboratory blank may not actually be
present In the sample and may therefore be considered questionable.
Questionable data are defined as sample concentrations within a factor of
10 of the blank concentration for the common laboratory contaminants;
methylene chloride, toluene, acetone, phthalate esters, and methanol.
For any other compounds detected In a related blank, a factor of 5 Is
used to define questionable data.
5.2.2.3 Potential Offslte Sources
During the groundwater Investigation, several organic chemicals (benzene,
toluene, xylene, and benzene-substituted alkanes) were detected In
groundwater at Hells 26A and MHS-7-25. As discussed In Section 4,3.2,
these compounds are more representative of a fuel source than of site-
related chlorinated solvents such as TCE. Information obtained from the
DNREC Underground Storage Tank Division has shown that soil at the
gasoline station northwest of the Intersection of Route 13 and Route 42
contains benzene at 2.1 mg/kg, ethylbenzene at 10 mg/kg, toluene at 16
mg/kg, xylene at greater than 300 mg/kg, and total petroleum hydrocarbons
of 410 mg/kg. As discussed In the October 24, 1990, meeting, these data
Indicate that the source of the organic compounds present In groundwater
at MHS-7-25 Is not the Chem-Solv site. Therefore; organic chemicals from
MHS-7-25 were not Included In the risk assessment.
5.2.3 Selection of Chemicals of Concern

5.2.3.1 Chemicals In Soil
No organic or Inorganic chemicals of concern were selected In soil
because the concentrations detected were In the range of background
concentrations, represented Isolated events unrelated to previous site
activities, or were Infrequently detected at low concentrations. The
analytical data presented In Table 4-2 are summarized In Table 5-1. A
preliminary review of the data was presented to EPA Region III In an

AR307603
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Interim Document dated June 1, 1990, EPA Region III concurred with the
conclusion that there were no chemicals of concern In site soils
(Appendix A-10), The following sections provide a summary of the soil
sampling results presented In the Interim Document.
For soil exposure, the upper 4 feet of soil was considered the depth of
most likely human and environmental exposure. Chemicals found at greater
depths were considered qualitatively to describe the extent of any
contamination.
Volatlle/Semlvolatile Organic Compounds

Volatile and Semlvolatlle organic chemicals were detected In a limited
number of samples at low concentrations, and most of the data Is
questionable because of the presence of that chemical In a related blank.
In the 11 shallow soil samples, trtchloroethene was detected twice, with.
a maximum estimated concentration of 6 mlcrograms per kilogram (ug/kg).
Methylene chloride was detected 5 times, but the data are questionable
because methylene chloride was also detected In the associated QA/QC
samples, except for one sample with a detected value of 4 ug/kg. Acetone
was detected 7 times, but all the values are questionable because of
blank contamination.
Of the remaining soil samples from depths greater than 2 feet, chloroform
was detected In four samples, with a maximum concentration of 8 ug/kg.
However, since chloroform was detected only In samples collected from the
deeper soils (6 to 20 feet), human or environmental exposure to
chloroform Is considered unlikely.
Methylene chloride was detected In seven samples; all of these are
questionable because of blank contamination.
Acetone was detected In nine soil samples taken from depths greater than
2 feet. Eight of these results were questioned because of blank
contamination.
Six soil samples from the 15 collected had detectable levels of

' Semlvolatlle organic chemicals. B1s(2-ethy1hexyl)phthalate, a common
laboratory contaminant, was detected In five samples, with a maximum
concentration of 510 ug/kg. Only one of these samples was obtained from
surface soils; the remaining were collected from depths of 2 to 5.5 feet.
Isophrone was detected twice In one boring, with a maximum concentration
of 3,100 ug/kg. Benzole add was detected In only one sample, at 290
ug/kg.

AR30760if
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Pesticides

The pesticides detected In onslte samples are attributable to farming
activities In the adjacent fields. The use of DDT In the United States
was banned In 1972, 10 years before operations began at the site In 1982.
The pesticide DDT and Its breakdown products, DDE and ODD, were found In
9 of the 15 samples collected throughout the site, at a maximum total
concentration of 390 ug/kg (determined by averaging duplicate sample
results for soil sample CSB-11 and summing the DDT, DDE, and ODD results).
DDT Is not considered site-related. The site Is surrounded by
agricultural fields, and DDT and Its breakdown produc ire very
persistent In the environment; therefore, the presence of i the
soils Is not unexpected. Literature values report DDT concert • as
high as 1,000 ug/kg In agricultural fields as late as 1983, 9 yt- ter
DDT use was banned (ATDSR, 1989a).
Inorganic Compounds

Inspection of Table 5-1 shows that the concentrations of metals found In
site soils are well within the background range for this area, with the
possible exceptions of lead and cadmium. The maximum onslte lead
concentration Is 80 mg/kg, compared with the highest value for the area
— 20 mg/kg. The average onslte lead concentration for all samples Is 22
mg/kg and, therefore, typical of background. The presence of slightly
elevated levels of lead In Isolated locations on the site Is not i)
unexpected. The Impact of the highway and emissions from cars, trucks,
and the nearby truck stop (not located onslte) Is highly probable.
Cadmium levels are slightly above typical concentrations In Delaware
soils. A common source Is phosphate fertilizers, which contain 3 to 100
mg/kg of cadmium (ATSDR, 1989[b]). It Is likely that fertilizers were
used on the fields adjacent to the site.
In addition, metals and metallic compounds were not used as part of the
reprocessing activities that took place at Chem-Solv. Therefore,
according to the soil data and background Information, soils outside the
former excavation have not been affected by site activities.
5.2.3.2 Chemicals In Groundwater
The compilation of data for organic compounds In groundwater was based on
three sampling events for Hells SB, 9B, 26A, 33A, 39A, 41A, MHS-5-18, and
MHS-6-25. Data from one sampling event were Included for the American
Roofing and Gearhart/Shane domestic wells (Tables 4-6 and 4-7).
Summaries of the data are presented In Tables 5-2 and 5-3.
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Data from four wells were not Included (MHI-2-40, MHI-4-40, MHS-3-18, and
MHS-7-25) There Is no evidence of site-related contamination In these
wells, i here Is evidence that the organic chemicals present In MHS-7-25
are from an offslte source (See Section 5.2.2.3). However, manganese and
zinc data for Hell MHS-7-25 were Included In the risk assessment.
EPA and Its representatives concur with the selection of wells (October
24, 1991, meeting minutes; EPA comments for the draft RI Report, dated
September 17, 1990, page 19). EPA also recommended that Hells MHS-5-18
and MHS-6-25 not be Included In the risk assessment. This recommendation
conflicts with a subsequent comment requesting that manganese be Included
as a chemical of concern. Manganese levels In these wells are elevated
above background concentrations. Therefore, data from MHS-5-18 and
MHS-6-25 have been Included In the risk assessment.
Volatile Organic Compounds

To present a conservative estimate of the risk, all the TCL volatile
organic chemicals detected In downgradlent wells were Included as
chemicals of concern, even those chemicals detected Infrequently. Eleven
volatile organic chemicals are Included on this list (acetone; benzene;
chloroform; 1,1-dlchloroethane [1,1-DCA]; 1,2-dlchloroethane [1,2-DCA];
ds-l,2-dlchloroethene [c1s-l,2-DCEl; tetrachloroethene [PCE]; toluene;
1,1,1-trlchloroethane [1,1,1-TCA]; trlchloroethene [TCE], and xylene).
Six of the chemicals (acetone; chloroform; 1,1-DCA; cts-l,2-DCE; toluene;
and xylene) were detected In only 1 of the 10 downgradlent well samples.
These compounds have all been detected In onslte wells In past sampling
rounds; therefore, they were Included, The background wells, both
shallow and deep, contained no volatile organic compounds.
Semlvolatlle Qrganlc Compounds

No semlvolatlles were positively Identified In the April 1990 groundwater
samples. Phenol was found In one downgradlent, offslte shallow well
(MHS-7-25) at an estimated concentration of 9,0 mlcrograms per liter
(ug/1). Phenol, a noncarclnogen, was not Included In the chemicals of
concern, because It was detected In only one sample at a location that .
has been affected by offslte sources (see Section 5.2.2,3).
Inorganic Compounds

Two Inorganic chemicals found at concentrations above background,
manganese and zinc, were selected as chemicals of concern In
groundwater. Manganese was found at concentrations above the filtered
and unflltered background concentrations of 81.8 and 117 ug/1,
respectively, In all shallow wells except MHS-3-17. No manganese levels
In the deepur wells were above background except for the unflltered
sample from MHI-4-40 (96 ug/1).
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Although manganese Is a chemical of concern In groundwater, elevated
concentrations In soil are not necessarily the source. A plausible
explanation can be found In the chemistry of manganese under reducing
conditions. Generally, low pH and low dissolved oxygen concentrations
are Indicative of reducing conditions. Dissolved oxygen In Hell 26A Is
very low (0.7 and 0.8 mg/1), Manganese levels In groundwater at this
location are more than 10 times as high as In any other location. In the
absence of oxygen, a chemical reaction causes the reduction of manganese
to a highly soluble form. Naturally occurring manganese In soil becomes
soluble and Is mobilized (Hetzel, 1983), The cause of the localized
reducing conditions In groundwater at this location Is unknown. However,
the presence of fuel-related organic compounds has been shown to decrease
dissolved oxygen In groundwater. Benzene and other fuel-related
compounds are present at Hell 26A.
Zinc was found at concentrations of 3,810 and 3,910 ug/1 In Hell 33A.
These levels are significantly higher than the maximum background
concentration of 296 ug/1. The maximum level detected In any other well
Is 139 ug/1 (Hell 26A), There 1s no clear pattern In the distribution of
zinc, suggesting that migration away from Hell 33A may be limited. Zinc
was not detected In Hell 41A, which Is located directly downgradlent from
the site.
Mercury was found at concentrations above background In two wells but was
not selected as a chemical of concern, The first well, 9B, Is a well
that monitors the Intermediate zone beneath the site. Mercury was not -~^
found In any shallow well except MH-7-25, one of the farthest .1
downgradlent wells. Mercury Is highly Immobile In groundwater (EPA,
1979). There Is no evidence to suggest that mercury was handled at the
site as shown by the fact that mercury was not detected In the site soils
or In the shallow groundwater zone.
Since known site activities Involved the use of organic chemicals, there
Is no evidence that any elevated levels of Inorganics are site-related.
An alternative explanation Is that excavation and mixing of the soil
during remediation resulted In Increased exposure of the soil to
Infiltrating rainwater and a temporary Increase In dissolved salts or a
decrease In dissolved oxygen In the groundwater.
Elevate'd levels of Iron, manganese, sodium, and calcium at the
concentrations found do not represent the same level of concern for
public health as do other Inorganic compounds. They were not considered
chemicals of concern.
The majority of Inorganic parameters detected above background levels
(aluminum, arsenic, calcium, potassium, and sodium) were found In
MHI-4-40. This well Is located on the Durham property. Mr. Durham has
reported difficulties with a high mineral content In his drinking water
well. It Is likely that the deep aquifer In this area has an are* of
high dissolved salts,
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BCM
Tentatively Identified Compounds

Tentatively Identified compounds (TICs) were found In samples from Hells
26A and MHS-7-25. The list of chemicals Is generally the same for both
wells, although the concentrations are higher In 26A. The TICs found In
Hells 26A and MHS-7-25, generally components of fuel oils, were not found
In any other well on or offslte, This supports the conclusion (see
Section 4.3.2) that there may be another source of this material, such as
past leakage from offslte underground storage tanks. These chemicals
were not Included as chemicals of concern, because of the limited number
of detections and Indications that their presence Is not site-related.
Hazardous Substance List Compounds

Split samples obtained by EPA In February 1991 were analyzed for
Hazardous Substance List (HSL) compounds. There are differences between
the HSL and the TCL parameter list. Trace levels (41.6 ug/1) of five
nonchlorlnated substituted benzenes were found In Hell 26A. These data
are consistent with the Identification of 29 ug/1 of substituted benzenes
In Hell 26A during the April 1990 sample collection. These compounds are
typically associated with a fuel source and not the chlorinated solvents
associated with the site.
5.2.4 Summary of Chemicals of Potential Concern

The chemicals of concern for this groundwater Include all volatile
organic compounds detected during the Remedial Investigation and two
Inorganic compounds (manganese and zinc). The selection of volatile
organlcs Is supported by the analytical data collected during previous
Investigations and the history of product use at the site.
The TICs were not Included as chemicals of concern, because of the
limited number of detections and evidence that their presence was not due
to site-related activities. HSL parameters were not Included, because of
the limited number of analyses.
No chemicals of concern were Identified In soil samples. The majority of
the volatile detections are questionable; the semivolatlles were found In
Isolated samples; and the Inorganic parameters are within literature
values for background,

5.3 EXPOSURE ASSESSMENT

Exposure assessment determines the pathways that may result In human
exposure, the mass of chemicals at the point of exposure, and the
concentration of each chemical absorbed by an exposed Individual on a
dally basis (chronic dally Intake, COD.
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5.3.1 Characterisation of Exposure Pathways

The only complete exposure pathway Identified Is residential use of the
groundwater. Currently, two drinking-water wells are within the area
defined by the near or far monitoring wells. Other residential wells are
adjacent to the plume. DNREC has a quarterly monitoring program for
potentially affected wells, most of which are at greater depths than the
area of contamination.
5.3.2 Identification of Exposure Pathways and Assumptions

Exposure pathways Include all the various ways In which humans come In
contact with the chemicals of concern, either currently or at some time
In the future. Exposure pathways are evaluated by considering direct
contact with the media of concern (e.g., drinking water) and the
potential for chemicals to migrate from one medium to another (e.g.,
volatilization of chemicals from groundwater Into the air).
At this site, the medium of concern Is groundwater, and the chemicals of
concern are several volatile organic chemicals. The exposure pathway
Identified Is:

Residential Use of Groundwater
- IngestIon of groundwater
- Inhalation of Indoor air
- Dermal absorption during showering and bathing

The potential for contamination of vegetables and fruits during watering
and the release of contaminants to surface water was also considered.
Potential exposure via the Ingestlon of home-grown fruits and vegetables
that were watered with groundwater Is considered negligible because the
chemicals of concern are volatile organic chemicals. Since these
chemicals will volatilize during the watering process, they have little
or no potential for accumulation In home-grown foods.
The distance to the nearest point of surface water discharge Is 0.4 mile,
and low concentrations of volatile chemicals of concern Indicate that the
potential for elevated concentrations In this creek Is highly unlikely.
Nevertheless, an exposure pathway quantified for this risk assessment
(dermal absorption during showering and bathing) can be used to
semtquantltatlvely evaluate exposure In the stream.
Exposure during recreational use of the stream will be primarily dermal,
with occasional wetting of the hands, feet, and lower legs of children.
The use of the exposure pathway for dermal absorption during showering
and bathing assumes dally contact with groundwater over the entire body.
If this pathway poses no significant risk, sporadic dermal exposure to
water In the stream will pose even less risk. The dilution factor Is
estimated In the Environmental Assessment (Section 5.6). AR^RVftflQ
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The objective of the exposure assumptions Is to determine how much of the
chemical Is actually taken Into the body (dose), The dose received dally
Is expressed as the milligrams of contaminant per kilogram of body weight
per day (mg/Kg/day),
In risk assessment, It Is seldom possible to measure specific dose for
each Identified exposure pathway. As a result, It Is necessary to use an
estimation of dose based on a series of assumptions, such as how much
water the average person drinks. These assumptions were developed from
EPA Region III guidance and the most current Superfund Risk Assessment
guidance documents (EPA, 1989a, 1989b, and 1989c), The assumptions used
In calculating the exposure for each pathway are presented In Table 5-4.
The methods and calculations for dose are presented In Appendix P.
The averaging time Is the time period over which exposure Is assessed.
Carcinogenic risk Is calculated for adults only using a 30-year exposure
period with an averaging time of 70 years, For chemicals with
noncarclnogenlc effects, the exposure period and averaging time Is 5'
years for children and 30 years for adults,
5.3.2.1 Ingestlon of Drinking Hater
The standard assumptions used for drinking-water assessments are
Ingestlon of 2 liters (a little over 2 quarts) of water a day by a
70-kilogram (154-pound) adult and 1.3 liters a day for a 17-kilogram
child (EPA, 1989a and 1989b). This assumption Includes water that Is
consumed as coffee, juices, and other beverages containing tap water
(EPA, 1989b), In reality, people In the United States consume less than 2
liters a day of tap water. Sixty percent of the population consume less
than 1.5 liters a day (EPA, 1989O.
5.3.2.2 Inhalation of Indoor Air
At this time, there Is Increasing awareness that Inhalation of volatile
chemicals that accumulate In Indoor air can play a significant role In
exposure. Chemicals enter the Indoor air during everyday household use
such as washing clothes, showering, bathing, and flushing the toilet.
However, there Is still considerable controversy over the methods that
can be used to estimate the dose from this exposure (EPA, 1989a and
1989b).
For Inhalation, a draft whole-house model from the Office of Drinking
Hater was used (Appendix Q). Briefly, the model assumes that a certain
fraction of the chemical in the water entering the house volatilizes and
accumulates In the Indoor air In proportion to the air exchange or
ventilation rate of the house. The exposed Individual Is assumed to
remain Indoors 24 hours a day.
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The model has are two chemical-specific parameters; (1) the fraction of
chemical retained In the lungs and (2) the fraction of chemical that
volatilizes out of the water. The fraction retained by the lungs was
assumed to be 100 percent for all chemicals, For the fraction volatiliz-
ing, a factor of 50 percent was used. This value Is representative of
volatile chemicals (Appendix Q).
A convenient way to express exposure via Inhalation Is drinking water
equivalents (DHE). The use of DHE allows direct extrapolation from
exposure via Ingestlon of water to exposure via Inhalation for the same
concentration of a chemical In the water. Exposure for adults and
children via Inhalation Is 0,95 times the DHE for the chemicals regarded
as volatile.
5.3.2.3 Dermal Exposure
Chemicals can enter the body via adsorption through the skin during
showering and bathing. The dose received through dermal contact with
water Is calculated from assumptions on the length of time the person Is
In the shower or bath (exposure time), the amount of skin In contact with
the water (skin surface area), the rate at which the chemicals penetrate
the skin (dermal permeability), and the frequency of dally bathing or
showering activities per year.
The amount of skin In contact with water was estimated as 1.94 square
meters for adults. This value Is suggested In the current EPA protocol
and Is considered to represent the 50th-percent11e total body surface
area for adult males (EPA, 1989b). A value of 0.7128 square meters was
used as the amount of skin In contact with water for children (EPA,
1989b).
There Is very little Information of dermal adsorption rates for
Individual chemicals (EPA, 1989a). For this risk assessment, the values
were derived from data provided by EPA Region I. They are presented In
Appendix R.
5.3,3 Groundwater Exposure Concentrations

The data for the groundwater monitoring wells were evaluated to determine
which wells were representative of the plume. The data from these wells
were then combined to estimate water concentrations In a hypothetical
drinking-water well placed within the plume.
5.3.3.1 Data Evaluation
Shallow and Intermediate Aquifer Data

The data for groundwater from Intermediate- and shallow-zone wells were
combined to simulate groundwater use In this area. Area drinking-water
wells are generally Installed at depths greater than 100 feet/ However,
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the high porosity of the soil and the absence of a confining aquifer In
all areas suggests that water from shallow aquifers Is likely to be
Included In the recharge for the Intermediate wells. In this way, human
exposure to water from the shallow aquifer may occur.
Plume Definition

The downgradlent wells were divided Into two groups based on presence of
chemicals, direction of groundwater flow, and probable location of the
plume. The first group, the near wells, represent the five wells closest
to the site and most likely to represent the plume. The data for the
near wells, SB, 9B, 26A, 33A, and 39A, are presented In Table 5-2,
The second group, the far wells, Included all the near wells plus three
additional monitoring wells (41A, MHS-5-18, and MHS-6-25) and two
domestic wells (American Roofing and Gearhart/Shane) (Table 5-3).
5.3.3.2 Exposure Concentration
The data from within the two well groups were combined to estimate a
probable concentration of each chemical of concern for a hypothetical
well drawing water from the center of each plume, The data were combined
Into an arithmetic average from which a Reasonable Maximum Exposure (RME)
concentration was calculated (Table 5-5). Methods used In handling of
chemical data are In accordance with guidance received from EPA Region
III (Appendix S) and Risk Assessment Guidance for Superfund (EPA, 1989).
Average Concentration

The arithmetic average was obtained using data from the near and far well
groups. Data from duplicate and split samples were averaged Into a
single data point before calculating the group average.
The use of the arithmetic average requires statistical support and
justification. The most quantitative form uf statistical analysis,
parametric statistics, requires that the arithmetic average be calculated
directly only when the data are normally distributed. Normal distribution
represents one of many patterns for data. A more typical pattern for

•environmental data Is a log normal distribution. There are methods for
adjusting log normal data to make It fit a normal distribution before
calculating the average.
Statistical evaluation of the data for the Chem-Solv site Indicated that
neither a normal nor a log normal distribution described the pattern of
the data, nor did one fit better than the other.
Other techniques for adjusting data to a normal distribution were not
evaluated. The arithmetic average was selected because this value
represents an unbiased estimate of the mean (Gilbert, 1987). Since the
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data tend to be skewed to higher concentrations, It Is highly likely that
the arithmetic-average calculation results In a higher, more conservative
estimate of the concentration than any average calculated with adjusted
data.
Incorporation of Nondetected and Questionable Datq

Two key Issues In the calculation of the average are (1) the method used
to Incorporate questionable or nondetected data and (2) the method used
to calculate the upper bound 95 percent confidence Interval for the
arithmetic average concentrations.
Hhen a chemical Is not found In a sample, the laboratory reports the
value as nondetected above a certain level. This means that If the
chemical Is present, the concentration Is below the detection limit
reported. However, It Is also possible that the chemical was not present
In the sample.
There are several approaches for the use of data reported as
nondetected. The data can be excluded from the data base, listed as
zero, or listed as one half the detection limit. For this risk
assessment, arithmetic means were calculated using one half the detection
limit for data reported as less than the detection limit. Method
detection limits were obtained from the contract laboratory (IEA) and
from EPA and are listed In Appendix H. Detection limits have not been
established by the DNREC laboratory; therefore, one half the quantltatlon
limit was used to calculate average concentrations.
Hhen a compound was detected (quantified or estimated) but the value Is
questionable because the chemical was also found In a related blank
sample, one half the reported sample value was used.
Calculation of Reasonable Maximum Exposure (RME)

Before 1989, EPA protocol required that the risk associated with the
maximum concentration be evaluated. However, current protocol recognizes
that the maximum concentration does not represent a reasonable exposure .
concentration. At this time, EPA recommends that the 95 percent upper-
bound confidence Interval for the arithmetic mean be used to represent a
reasonable maximum exposure (RME),
In simpler terms, the average or mean represents the central observation
or most commonly observed concentration If a very large number of samples
(e.g., greater than 100,000) were collected. If the data behave
according to certain assumptions, In 50 percent of the samples the actual
concentration Is predicted to be lower than the average, and In 50
percent of the samples the concentration Is predicted to be higher than
the average.
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The RME Is used to account for the fact that the actual number of samples
Is relatively small to accurately predict the average. The RME Is a
statistical estimate of the highest average concentration predicted to
occur In 95 out of 100 sets of samples,
The RME Is a conservative estimate of the risk since It assumes that a
concentration equal to the upper-bound confidence Interval of the average
for every chemical of concern Is present In one hypothetical residential
well.
The methods and equations used to calculate the RME are presented In
detail In Appendix T. The methods are those recommended by EPA risk
assessment protocol and presented In Gilbert, 1987.
5.3.4 Identification of Uncertainties

Exposure assessment assumptions are selected to estimate an upper
concentration limit and the amount of each chemical 'that Individuals take'
Into their bodies.
Exposure assumptions tend to estimate the risk for a large percentage of
the population and, therefore, to be protective of human health. Each of
the assumptions and Its basis were discussed In Section 5.3.2. The
assumptions tend to be conservative. For example, the carcinogenic risk
assumes that exposure occurs dally for 30 years.

/ The estimated exposure concentrations tend to be conservative for two
reasons, First, the average assumes that all the chemicals are present
at one half the detection limit for samples with nondetected results. It
Is likely that for many of the wells, the chemicals are not present at
all. Also, the RME represents a concentration In the upper-bound
confidence Interval. The rational behind the use of the RME Is that an
area of higher concentrations may not have been detected. The
sufficiency of the number of wells and the appropriateness of their
locations Improve the confidence level In the data base.
There Is some uncertainty In the exposure assessment associated with the
lack of chemical-specific dermal-permeation constants for several

' potential chemicals of concern (Appendix Q), Constants selected for
these compounds were based on similarities In chemical composition
because literature values for many compounds are not available. The
absence of chemical-specific permeation constants may have either
overstated or understated the risk.
5.3.5 Summary of Exposure Assessment

The only medium of concern Identified was the groundwater. The exposure
pathway Identified was the residential use of groundwater. This pathway
Includes the Ingestlon of water, Inhalation of airborne contaminants, and
dermal absorption of contamination through water use. Future use of the
site Is considered to be the same as the present use. Agonic
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5,4 TOXICITY ASSESSMENT

The toxlclty profiles In Appendix U summarize chemical and toxlcologlcal
Information on the chemicals of concern, A more technical presentation
of toxlcologlcal data for the chemicals Is given In Appendix V. Unless
otherwise noted, the technical toxlcologlcal profiles were obtained from
the Integrated Risk Information System (IRIS).
EPA toxlcologlsts derived toxlclty values after an extensive review of
the available data for each chemical. Although data from epldemlologlcal
studies on human exposure are the most valuable, generally the only data
available are laboratory studies with animals. There Is some uncertainty
In results from using laboratory studies with animals because the animals
are usually exposed to high doses of chemicals for short periods of
time. Dose-response evaluations use this data to assess the potential
for health effects In humans exposed to low doses for long periods,
Toxlclty values for each parameter can differ depending on the way humans'
are exposed to the chemical, Chemicals can be taken Into the body
through the gastrointestinal tract after Ingestlon of soil, sediment, or
water (oral); Into the lungs after Inhalation of vapors or partlculates
In the air (Inhalation); and Into the body through the skin after contact
with chemicals In soli, sediment, or water (dermal).
Some chemicals are not as potent via one exposure route as via another.
Thus, different health effect factors have been established for each
route of exposure. For example, certain metals, such as hexavalent
chromium, have been shown to have carcinogenic effects via Inhalation but
not via Ingestlon.
Chemicals can also have both carcinogenic and noncarclnogenlc effects.
Therefore, It Is possible that a chemical can have both a carcinogenic
health factor for oral and .Inhalation exposure and a noncarclnogenlc
health factor for oral and Inhalation exposure.
The toxlclty values used for this risk assessment to assess human health
effects are presented In Tables 5-6 and 5-7. The following sources were
used to Identify toxlclty values and are listed In order of preferential
selection.
Integrated Rjsk Information System (IRIS)

IRIS Is an on-line computer data base that presents toxlcologlcal
assessments of chemicals and the status of EPA-approved toxlclty values.
The toxlclty values obtained through IRIS are current as of May 1991.
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BCM
Health Effects Assessment Summary Tables (HEAST)

The EPA Office of Emergency and Remedial Response publishes a quarterly
summary of toxlclty values from a variety of recognized sources In
addition to IRIS. The toxlclty values obtained through HEAST were taken
from the fourth quarter of 1990.
5,4.1 Toxlclty Information for Npncarclnoqenlc Effects

The potential for adverse noncarclnogenlc health effects Is estimated
with a toxlclty value known as a reference dose (RfD), RfDs are
associated with adverse health effects, which are also referred to as
toxlclty end points, The RfDs and toxlclty end points for the chemicals
of concern are listed In Table 5-7.
Reference Dose

The model to determine RfDs from the dose-response assessment assumes
that there Is a concentration for noncarclnogens below which there Is
little potential for adverse health effects over a lifetime of exposure.
The RfD Is designed to represent this threshold level,
The RfD Is calculated from the highest chronic (long-term) exposure level
that did not cause adverse effects (the no-observed-adverse-effect level,
or NOAEL) In animals. The NOAEL Is divided by a factor to account for
any uncertainty such as using data on animals to predict effects on
humans and an allowance for sensitive Individuals. Uncertainty factors
range from 1 to 10,000, based on the confidence level associated with the
data. The resulting RfD (mg/kg of body weight per day) Is used to
quantify the risk.
Toxlclty Endpolnt

The determination of adverse Impact for noncarclnogens Is based on a wide
variety of responses, ranging from Increases In organ weight and changes
In blood chemistry to death. Noncarclnogenlc effects are also defined by
the toxlclty endpolnt In laboratory animals used to Identify the RfD.
5,4.2 Toxlclty Information for Carcinogenic Effects

The EPA approach for evaluations of carcinogens assumes that exposure to
any level of a carcinogen, no matter how low, has some probability of
causing cancer. The toxlclty value calculated for carcinogens Is known
as the potency factor (PF). The welght-of-evldence Is a qualitative
descriptor Important to the Interpretation of carcinogenic risk. The PFs
and welght-of-evldence for the chemicals of concern are listed In Table
5-6.

AR3076I6
5-19

If the page filmed In thit iname. it not at ntadablt on Itgiblt at iklt
labtl, U 44 due to 4ub4tanda4d coto4 04 condition of tkt oniginal pagt.



Factors

The PF Is calculated with a mathematical model that draws a line based on
data from laboratory animals exposed to high doses and extends It to
predict potential Increases In cancer rates for humans exposed to low
doses. Then confidence Intervals are calculated for the line. The slope
of the line that represents the 95 percent confidence Interval Is known
as the potency factor or slope factor. The use of the upper-bound
confidence Interval means that there Is a 95 percent probability that
the actual risk will be less than that predicted by the model. The unit
for the PF Is (mg/kg of body weight per day)-',
Helght-of-Evldence

The welght-of-evldence reflects the degree of confidence In the data used
to determine that the chemical Is a human carcinogen. EPA toxlcologlsts
recognize that the risks associated with a known human carcinogen, based
on epldemlologlcal studies, should be evaluated differently from those of
a chemical that causes tumor production In a limited number of laboratory
animals. Each carcinogen Is assigned to a group according to the quality
and the quantity of evidence for carclnogenlclty In humans and animals.
The definitions for the groups are presented In Table 5-8.
5.4.3 Chemicals Hlthout Available EPA Toxlclty Values

Uncertainty Is low with regard to omission from the risk calculations of ,'"*
chemicals without EPA toxlclty values. No toxlclty values are currently
available for 1,1-dlchloroethane and ds-1,2-dlchloroethene. However,
these compounds were each detected at one location at low levels and may
be excluded from the risk assessment. The only other chemicals not
Included In the risk assessment are the TICs, In the majority of the
samples, the TICs are listed as unknown. In the two wells with names
assigned to the chemicals, 26A and MSH-7-25, the TICs are generally
associated with petroleum hydrocarbons. The adverse health effects
associated with long-term exposure to petroleum hydrocarbons have been
attributed only to the carcinogenic components such as benzene and some
carcinogenic polyaromatlc hydrocarbons (PAHs) (Blngham si aj.., 1980).
Benzene Is Included In the risk assessment; no PAHs were detected In the
groundwater.
5.4.4 Uncertainties Related to Toxlclty Information

In the general profiles, much of the Information on human health effects
from chemicals Is based on occupational exposure. Adverse effects
observed In the workplace are a valuable source of toxlcologlcal
Information. Some of the health effects studies discussed In the
toxlcologlcal profiles presented In Appendices U and V may have been used
by EPA toxlcologlsts to help determine health effects at much lower
concentrations. However, the reader should keep In mind that many of the
health effects observed for the workplace are acute, or
level effects. Horkplace exposure levels are generally imia
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the potential exposures encountered at the Chem-Solv site. The adverse
effects presented In the general profiles (Appendix iJ) are not
necessarily comparable to the potential effects related to exposure
concentrations predicted by the Chem-Solv risk assessment,
The dose-response assessment for the majority of chemicals relies on an
extrapolation of known effects on animals to humans. The use of data
based on animal studies to predict Impacts on humans Is an area of
uncertainty, particularly because different species of animals respond
with different sensitivities to chemicals. Also, there are many models
available that extrapolate animal data to humans, and the toxlclty
values generated from the same data by different models can vary
substantially. The models used by the EPA tend to.be conservative and
are unlikely to underestimate the risk. The method used by the EPA for
PFs uses a 95 percent upper-bound confidence Interval, which means that
while the actual risk Is unlikely to be higher, It could be much lower.

5.5 RISK CHARACTERIZATION

The risk characterization combines the dose with the toxlclty value to
estimate a numerical value for the risk. There, are several differences
between the numerical value used to describe risk for carcinogens (cancer
risk) and the value used for noncarclnogens (hazard Index, HI). The
methods and results for this risk assessment are presented separately for
carcinogens and noncarclnogens.
5.5.1 Carcinogenic Risk Characterization

5.5.1.1 Methods
Carcinogenic risk Is calculated by multiplying the dose (chronic dally
Intake CCDI]) times the slope factor, The resulting value Is the
probability of an Increase In the Incidence In cancer and should not be
directly Interpreted In terms of the number of cases of cancer In the
exposed population. The risk level of 1 x IO-6 can also be viewed as a
one-ln-one-mllllon probability that there will be one additional case of
cancer.
Carcinogenic risk estimates for the same chemical In different exposure
pathways are added together. Also, carcinogenic risks for different
chemicals are added together to determine the risk associated with the
exposure pathway for all the chemicals.
5.5.1.2 EPA Guidance on Carcinogenic Risk
EPA has not established an acceptable level of risk. A range of carcino-
genic risks of 1 x 10-* to 1 x )0'6 has been Identified for Superfund
sites (NCP, 1990). This means that target risk levels should be between
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an upper limit of 1 In 10,000 probability of cancer Incidence to a lower
limit of 1 In 1 million, A total cancer risk of 1 x 10-6 |S Often used /—\
as a benchmark by state and federal regulatory agencies.
5.5.1.3 Discussion and Interpretation of Carcinogenic Risk Results
The results of the carlnogenlc risk calculations for each exposure
pathway are presented In Appendix P. Tables 5-9 and 5-10 present the
carcinogenic risk associated with each chemical and pathway for the near
and far wells, respectively.
The average carlnogenlc risk associated with the near wells for all
pathways was within the EPA target risk range (1 x 10-4), w)th a value
of 4 x 10-5. The risk associated with the RME however, was at the
lower limit of this range. Trlchloroethene accounted for greater than 50
percent of the total cancer risk within the near well group.
For the far wells, the carlnogenlc risk associated with the average
exposure for all pathways was within the EPA target risk range, with a
value of 3 x IO-5, RME cancer risks (6 x 10-5) were also within the
target range. For the far wells, the highest carcinogenic risk was
attributed to TCE (greater than 60 percent), followed by benzene.
Ingestlon of Groundwater

The average and the RME carcinogenic risk associated with Ingestlon of
groundwater for the near wells were 2 x 10'5 and 5 x 10"5,
respectively. Approximately 30 to 40 percent of the risk can be
attributed to trlchloroethene, and 30 to 40 percent to benzene, For the ^-^
far wells, the carcinogenic risk associated with the average and the RME
were 1 x 10~5 and 3 x 10'5, respectively. Again, benzene and
trlchloroethene contributed to the majority of the risk. Approximately
25 to 30 percent of the risk can be attributed to benzene, and 33 to 50
percent to trlchloroethene. 1,2-Dtchloroethane contributed approximately
10 to 20 percent of the carcinogenic risk for the far wells.
Inhalation of Indoor Air

The average and the reasonable maximum carcinogenic risk associated with
the Inhalation of airborne contaminants that have volatilised from the
groundwater for the near wells were 2 x 10*5 and 6 x 10-\
respectively. The majority of the risk (approximately 70 percent) was
attributed to trlchloroethene, while benzene represented the remainder.
For the far wells, the carcinogenic risk values associated with the
average and RME were 1 x 10*5 and 3 x IO-5, respectively. TCE
contributed approximately 70 to 80 percent of the risk, and benzene
represented the remainder.

5-22 AR3076I9

If the page filmed In tkit d/iame it not at ntadablt on Itgiblt at thit
labtl, 4t 44 due to 4ub4ta«da4d colo4 04 condition of the 04lgl"l page.



Dermal Absorption of Groundwater During Use

For the near wells, the average and the reasonable maximum carcinogenic
risk value associated with dermal absorption of contaminants were 3 x
10-6 and 8 x 10-6, respectively. The majority of the risk was
attributed to potential exposure to benzene and TCE. However, 67 to 88
percent of the total risk was attributed to benzene exposure, while less
than 10 percent was due to TCE exposure. The carcinogenic risks
associated with the average and RME for the far wells were 2 x 10-6 and
5 x 10-6, respectively, The majority of the risk (approximately 50 to
60 percent) was attributed to benzene exposure. Trlchloroethene
contributed less than 5 percent of the cancer risk.
A General Discussion of Cancer Risks

The Interpretation of carcinogenic risk Is complicated by the absence of
guidance from the federal government on acceptable risk, instead, the
decision to remediate a site and the determination of a cleanup level Is..
made on a case-by-case basis within the Superfund target range.
The target carcinogenic risk (1 x 10-4 to 1 x 10-6) Identified for
Superfund Is consistent with that for other federal agencies that make
risk-based decisions. A review of criteria for foods, pesticide use, and
occupational safety shows that other agencies, such as the Food and Drug
Administration (FDA) and Occupational Safety and Health Organization
(OSHA), frequently make risk-based decisions within this range.
Sometimes risk-based decisions have used cancer risks as high as 1 x
10-3 (Rodericks, ftiaj,., 1987).
It Is also helpful to consider the risks associated with this site In a
context of normal, everyday risks. The carcinogenic risk associated with
natural background radiation Is greater than 1 x 10-4. strictly
speaking, unavoidable risks, such as natural radiation and voluntary
risks (such as smoking) cannot be compared to those risks associated with
chemical contamination due to human activities. This Information on HI
value Is Included just to help the reader's perspective on various levels
of cancer risk.
5.5.2 Noncarclnogenlc Risk Characterization

5.5.2.1 Methods

The numerical value for the noncarclnogenlc HI value Is the Hazard Index
(HI). The HI Is the ratio of the dose to the RfD and Is calculated by
dividing dose (chronic dally Intake or CDI) by the RfD. The HI Is not
strictly an estimate of the risk, but a number that compares CDI with a
level considered to have limited potential for lifetime health effects.
Hence, HI values greater than 1 show that exposure exceeded the
acceptable dally level, while HI values less than 1 Indicate that
lifetime exposure has limited potential for causing an adverse1 effect In
sensitive populations. AR30769A
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Similar to cancer risks, the HI values for each chemical are summed
together to assess the overall potential for noncarclnogenlc effects.
EPA developed this approach based on the assumption that simultaneous
subthreshold exposures to numerous chemical compounds can result In
adverse health effects (EPA, 1986).
5.5.2.2 EPA Guidance on Hazard Indices
EPA has not established specific guidance for acceptable HI values.
However, since an HI value of 1 Indicates that lifetime exposure has
limited potential for causing an adverse effect In sensitive populations,
values less than 1 can generally be considered acceptable. Values
greater than 1 are usually given closer attention. For values greater
than 1, the magnitude of the uncertainty factor and toxlclty endpolnt are
Included In the evaluation.
5.5.2.3 Discussion and Interpretation of Hazard Indices
The results of the HI calculations for each exposure pathway are
presented In Appendix P. HI calculations Included values for both adults
and children. Tables 5-11 and 5-12 present the hazard Index associated
with each chemical and pathway for the near and far wells.
The HI values for Individual chemicals and the total HI exceeded the
value of 1 for Ingestlon of groundwater In both the near and the far
wells. The total HI values did not exceed unity the value of 1 for the
Inhalation or dermal exposure pathways. Therefore, for the dermal and
Inhalation exposure pathways, potential noncarclnogenlc health effects
are not expected. The majority of noncarclnogenlc risk for Ingestlon of
groundwater was attributed to manganese. Hlthout the HI value associated
with manganese, the total HI values fall below a value of 1.
Ingestlon of Groundwater

For adults, the average and the reasonable maximum HI values associated
with the near wells were 2 and 4; and with the far wells, 3 and 8,
respectively. For the near wells, the HI associated with manganese
represented 50 to 100 percent of the total HI value . For the far wells,
the majority of the noncarclnogenlc risk was attributed to manganese and
zinc. Manganese represents 88 to 100 percent of the total HI value.
For children, the average and the reasonable maximum HI value s were 4
and 1 for the near wells and 2 and 5 for the far wells, respectively.
Again, 80 to 100 percent of the risk was attributed to manganese.
Inhalation of Groundwater During Use

The average and the reasonable maximum HI value s associated with the
Inhalation of airborne contaminants from the groundwater for the near
wells were 0.008 and 0.02 for adults and 0.02 to 0.04 for children,
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respectively. The majority of the HI value (approximately 75 percent)
was attributed to acetone and tetrachloroethene. The average and RME HI
for the far wells were 0.01 and 0.02 for adults and 0.03 and 0.04 for
children, respectively. Acetone, tetrachloroethene, xylene, and
chloroform contributed approximately 70 to 80 percent of the total HI
value.
Dermal Absorption of Groundwater During Use

For the near wells, the average and the reasonable maximum HI values
associated with the dermal absorption of contaminants were 0.003 and
0.004 for adults and 0.004 and 0.006 for children, respectively. The
majority of the HI value was almost exclusively the result of tetra-
chloroethene. The HI values associated with the average and RME for the
far wells were 0.004 and 0.005 for adults and 0.005 and 0.007 for
children, respectively. The majority of the HI value (approximately SO
to 75 percent) was attributed to tetrachloroethene.
5.5.3 Uncertainties In Risk Characterization

Issues that represent some uncertainty In the HI value assessment Include
the toxlcologlcal effects of chemical mixtures and the presence of
unknown chemicals.
Very little Information Is available on the toxlcologlcal effects of
mixtures. In some cases, the presence of several chemicals together may
result In an enhancement of the overall toxlclty (synerglstlc) effects or
a reduction In the toxic effects (antagonism). There Is uncertainty
associated with having many chemicals together.
Last, the chemical analyses were for specific parameters. The chemicals
evaluated are those that have been Identified as the most Important
chemicals In air, soli, and water. The possibility exists that other
chemicals that were not detected are present.
The Information Included In the general toxlclty profiles (Appendix U)
represents a broad spectrum of studies that are available on health
effects. The conclusions may or may not have undergone extensive review
to determine their significance or validity. The technical profiles
discuss the adequacy of the studies presented and define those which EPA
considers adequate to support an assessment of the adverse health effects
of the chemical.

5.6 ENVIRONMENTAL ASSESSMENT

The environmental assessment determines the potential for adverse health
effects to the environment using essentially the same approach as the HI
value assessment used for human health, with the addition of a site
biological survey. The steps Include a description of relevant aspects
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of the site, Identification of chemicals of concern, exposure pathways,
toxlclty assessment, and HI value characterization. The final step Is a
survey of the site conducted by a trained field biologist to determine
any observable Impacts.
5.6.1 Site Description

The aspects of the site description relevant to the environmental
assessment are the site's proximity to surface water, points of discharge
for groundwater, and terrestrial community. Surface water at the
Chem-Solv site Infiltrates Into the soil or runs onto the adjacent
highway, so there are no surface drainage bodies of concern. The point
of groundwater discharge Is 0.4 mile from the site.
The terrestrial plant and animal community on the site Is the
environmental receptor of concern. Therefore, soil Is the medium of
concern because It represents the only completed exposure pathway.
5.6,2 Identification of Chemicals of Concern

There are no chemicals In the soils at significant concentrations above
background (see Section 5,2.3.1),
The chemicals of concern In groundwater were evaluated for potential
Impacts on aquatic life at the point of release Into the nearest surface
water. The evaluation compared the calculated concentrations at the
point of release with a water quality guideline (Table 5-14).
The concentration at the point of release was calculated from a dilution
factor for the water shed surrounding the site. A dilution factor of 15
was estimated by dividing the surface area of the site water shed (5.3 x
106 ft2) (Figure 4-4) by the area of the far well plume (3.6 x 10$
ft2), He assumed that there was no loss or attenuation of the
chemicals while moving approximately 0.4 mile through the soil to the
Alston Branch.
The concentration In the groundwater was compared with a water quality
guideline for aquatic toxlclty Impacts. The water quality guidelines
were taken or derived from aquatic toxlclty data published by EPA (EPA,
1986). Acute guidelines are protective during short-term exposure at the
point of groundwater release, and chronic guidelines are protective for
long-term exposure. The chronic guidelines apply to completely mixed
Instream concentrations. The results of the environmental assessment
show that there Is negligible or no potential for Impact to aquatic life
and protective on aquatic life. All RME concentrations are below chronic
toxlclty guidelines.

AR307623
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The predicted concentrations are conservative estimates because of two
assumptions used In the dilution factor. These assumptions are explained
In the following discussion using zinc as an example. The first
conservative assumption Is that dilution In the stream from water outside
the site-specific water shed Is not Included. Groundwater released Into
the Alston Branch will be mixed with upstream water. The chronic
criteria apply to this mixed Instream concentration.
The second conservative assumption Is that the dilution factor assumes no
loss or attenuation of the chemical during groundwater transport. Zinc
Is highly Immobile and unlikely to migrate a significant distance.
Evidence In the scientific literature and site data supports this,
Research studies have shown that zinc In groundwater becomes adsorbed
onto soil particles and Is not transported (EPA, 1986; Brennan and
McGrath, 1988). Also, an Inspection of site data shows that the
concentration of zinc In groundwater decreases by a factor of more than
10 Immediately downgradlent of the well with the highest concentrations .
(33A). Hhen the data from this well are excluded, zinc concentrations at'
the point of release from the site are below background.
5.6.3 Biological Site Assessment

On June 15, 1990, a qualitative analysis of the plant communities was
conducted at the site. The purpose was to describe the terrestrial
community and make a qualitative determination of plant distribution
patterns.
The area of Investigation was confined to the area within the chain-link
fence. The study area Included Hell 3A and the remains of a concrete pad
In the north-central portion of the area (Figure 5-1). The entire study
area Is characteristic of an early successlonal stage meadow. Hlthln
this meadow, three mlcrocommunlttes were defined, based on patterns In
the distribution of species. . Each of the three communities separately
Inhabits approximately one third of the site. A presence/absence matrix
of the predominant taxa observed on the Chem-Solv site Is provided In
Table 5-15. Four photographs of the site are presented In Figure 5-2.
Area 1, the western one third of the site, has more perennial taxa than

' Area 2, and the dominant vegetation Is several species of clover, cow
vetch, fleabane, plantain, Ironweed, and several perennial grasses (Table
5-15, Figure 5-2, Photograph 1). In Area 2, the middle one third of the
site which Includes Hell 3A, the dominant vegetation Is similar to Area 1
and likewise Includes several species of clover, cow vetch, fleabane,
plantain, Ironweed, and perennial grasses. Photographs 2 and 3 depict
representative portions of this area.
Area 3, the eastern one third of the site, Is the area where remediation
has occurred. Although this area supports many of the same plant taxa as
Areas 1 and 2, several of the more common taxa In the other'areas are
absent from Area 3. The most conspicuous absences !n
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fleabane, plantain and most of the perennial grasses. Area 3 Is the only
one of the three areas to contain taxa (e.g., rush) with an affinity for
wet conditions. Photograph 4 depicts Area 3.
All three communities are characteristic of early successions! stages.
The high proportion of legumes (e.g., clover and cow vetch) suggests poor
nutrient conditions In the soil, In succession, nitrogen fixers (plants
that can take atmospheric nitrogen and. convert It to a form usable by
most other plants) are typically the first plants to colonize a recently
disturbed area. As succession proceeds, annual taxa are next to Invade,
and these annual plants are then typically out competed and displaced by
perennial taxa.
The most likely explanation for the differences In the plant communities
on the site Is based on the site's history. The three plant communities
appear to have different histories of disturbance. Area 3 Is the most
recently disturbed. The date of disturbance can be traced to the
remediation of the soils. Thus, this area supports' the lowest number of
perennial taxa compared with Areas 1 and 2. Area 1 supports the greatest
number of perennial taxa and Is likely to be the oldest of the
communities, Area 2 Is Intermediate In occurrence of perennials and Is
likely to have been disturbed during the Installation of Hell 3A.
Therefore, the differences In the communities can best be explained by
their age. The occurrence of hydrophytes (I.e., moisture tolerant
plants) In Area 3 can be explained by topography. Area 3 contains a low
lying area where water accumulates after precipitation. Many of the
predominant taxa In Areas 1 and 2 cannot tolerate such wet conditions.

5.7 CONCLUSIONS OF THE RISK ASSESSMENT

The following paragraphs summarize the Chem-Solv assessment conclusions
(Table 5-13).

- Risk assessment protocols are designed to be conservative to
account for uncertainties such as the extent of contamination
and the presence of highly sensitive Individuals In the
exposed population. The conservative approach Is used to
ensure that the results of the 'HI velue assessment will
protect human health and the environment.

- The chemicals of concern at the site Include the 11 volatile
organic chemicals detected In the groundwater: acetone,
benzene, chloroform, 1,1-dlchloroethane, 1,2-dlchloroethane,
c1s-1,2-dkhloroethene, tetrachloroethene, toluene,
1,1,1-trkhloroethane, trlchloroethene, and xylene.
Manganese and zinc are also Included as chemicals of concern.
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- Total carcinogenic risk falls within the targe range for
Superfund sites of 10-4 to 10-6, in the near-well group,
those most likely to contain chemicals from site-related
activities, the maximum or RME carcinogenic risk Is 4 x
10-5, The carcinogenic risk associated with the average
concentration Is 1 x 10-4. The majority of the risk
(greater than 50 percent) Is due to trlchloroethene.

- In the far-well group, the maximum or RME carcinogenic risk
Is 3 x IO-5. The carcinogenic risk associated with the
average concentration Is 6 x IO-5. The majority of the
risk (greater than 60 percent) Is due to trlchloroethene.

- Total noncarclnogenlc risk values are above the target range
(HI value of 1 or less). Hazard Index values of greater than
1 were calculated for Ingestlon of groundwater for both the
near- and the far-well groups and for both adults and
children. However, manganese attributed to almost all of the
HI value (60 to 100 percent). Available Information suggests
that manganese Is not site-related. If manganese Is excluded
from the evaluation of noncarclnogenlc risk, hazard Indices
are less than 1 for both the near and far well group and for
both adults and children.

- There Is no evidence of widespread distribution of the
site-related chemicals, I.e., chlorinated solvents.
Trlchloroethene was detected In 3 of 12 downgradlent wells,
and tetrachloroethene was detected In 2 of the 12 wells.

- Evidence suggests that some or all of the contaminants In
Hells 26A and MHS-7-25 may be due to leakage of gasoline or
other fuel from former offslte underground storage tanks.
The chemicals without positive Identification, TICs, In these
wells are components of combustion fuels. Both carcinogenic
and noncarclnogenlc risk may be overestimated because
analytical data from Hell 26A are Included In risk assessment
calculations to provide a conservative estimate of risk.
However, both carcinogenic and noncarclnogenlc risk may be
overestimated, especially noncarclnogenlc risk attributed to
manganese.

5-29

AR307626

1LPS *2fl" *itnt<* in f*^ <*«"!« ** not at ntadablt on legible at tkitlabtl, 4t 44 due to 4ub4tanda4d colo4 04 condition of tht oniginal pagt.



SECTION 5.0

FIGURES

O

HR307627

If the page filmed. In thl4 f*ane 14 not a4 4eada6tê «4 ltglp*t..<u, .<JVU-.-
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TABLE «•!

SUMMARY OF SOIL SAMPLES AND COMPARISON TO BACKQROUND CONCeNTWTIONS

CHEM-SOLV, INC, SITE REMEDIATION INVESTIGATION
CHESWOLO, DELAWARE

Connnli»li«ntn8otU
FnomncvrtOitnian BCM HOMIIII SouIMm HI/ Eimm U.S.
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TdcNoratMM 21 2(2) 9 9,0 (9.0) 3,t

BWOfeAtM 19 1 2,000 ISO NA -
MIMtiylnnyl) 19 9 390 910 IN.I -

19 I 390 3,100 497.1 -

man ftnaftol
Aluminum 14 14 71 17,900 12,983 30,000 - - 700-30,000
After* 14 14 t 10,7 3,7 <0.1-2,9 - - 19-41 e
Mum 14 14 1.7 103,1 93,7 900 10-300
ewVOJum 14 9 0,7 O.M 0,3 <| _ _ O
Cedrrtum 14 11 041 1.7 0.9 - 0,17 0,08
CtMum 14 14 M 1,810 899.8 130-2,300 - - 130-9X0
Ommkm 14 14 4.1 19.9 10.3 90 t-30 38
COM 14 13 2,4 I 4,3 3-9 - <3 7
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14 12(t) 3.7 1.1 9,7 7-10 9,8 4,4 <1-IO 13
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14 13(9) 182- 141 99.1 0-9,000 - - < 800-5 000
14 14 9,1 29,1 18.1 30-90 - - <7-90 48

One 14 14(13) 4 91.8 39.8 12 0 29 9 <l-198 e 31
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4,4'-000 14 2 0,1 23 3,t
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TABLES-2

CHEMICALS DETECTED IN GROUNDWATER • NEAR WELLS*

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Range of
Sample Quan-' Range of Detected Background

Frequency of Illation Limits Concentrations Levels
Chemical Detection** (ug/1) (ug/1) (ug/1)

Acetone 2/16 10-50 110 <10
Benzene 5/16 5-25 12-200 <5
1,1-Dlchloroethane 1/16 5-25 2 <5
1,2-Dlchloroethane 1/16 5-25 5 <5
cls-1,2-Dlchloroethene 1/16 5-25 1,4-1.5 <5
Tetrachloroethene 5/16 5-25 1,3-6 < 5
Toluene 1/16 5-25 3 <5
1,1,1-Trichloroethane 6/16 5-25 3-23 < S
Trlchloroethene 7/16 5-25 5-540 < 5
Xylene 1/16 . 5-25 0,4 <5
Manganese*** 13/13 2,8 15,9-24,400 11.3-117
Zinc*** 11/11 5 10,5-3,340 29,6-49,6

* Near wells Include: 2bA,33A,39A,6B,and9B
** Number of samples In which the chemical was positively detected divided by the number

of samples available, Including duplicate and split samples
*** Values for unflltered sample results

Complied by: BCM Engineers Inc. (BCM Project No, 00-6012-02)
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TABLE 5-3

CHEMICALS DETECTED IN GROUNDWATER- FAR WELLS*

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

* Far wells Include: near wells (28A, 33A, 39A, 5B, and 9B), 41A, MWS-5-18, MWS*25,
the American Roofing, and Gearhart wells, MWS-7-25 Included for manganese and zinc only

** Number of samples In which the chemical was positively detected divided by the number
of samples available, Including duplicate and split samples

*'* Values for unflHered samples

Compltd by: BCM Engineers Inc. (BCM Project No. 00-6012-02)

n

Range of Range of
Sample Quan- Detected Background

Frequency of Illation Limits Concentrations Levels
Chemical Detection** (ug/1) (ug/1) (ug/1)

Acetone 1/23 10-50 110 < 10
Benzene 5/23 5-25 12-200 <5
Chloroform 1/23 5-25 2 <5
1,1-Dlchloroethane 1/23 5-25 2 <5
1,2-Dlchloroethane 2/23 5-25 5 <5
cls-l,2-Dlchloroethene 2/23 5-25 1,4-1,5 < 5
Tetrachloroethene 5/23 5-25 1,3-6 < 5
Toluene 1/23 5-25 3 <5
1,1,1-Trichloroethane 7/23 5-25 3-54 < 5
Trlchloroethene 7/23 5-25 5-540 <5
Xylene 1/23 5-25 0,4 <5
Manganese*** 21/21 2,6 15,9-23,400 11.3-117
Zinc*** 19/19 5 7-3,610 29,6-49,6
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TABLES-4

ASSUMPTIONS USED IN CALCULATING EXPOSURE

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Children Adults Reference

Ingasllon of Groundwater
Ingestlon Rate (liters/day) 1,3 2 EPA(1989aand19B9b)
Exposure Frequency (events/year) 365 365 Site Specific
Exposure Duration (years) 5 30 EPA(1989aandl989b)
Body Weight (kg) 17 70 EPA(1989aand1989b)

Dermal Absorption from Groundwater Use
Skin surface area (sq. cm) 7,128 19,400 EPA(19B9aand1989b)
Exposure time (hours/event) 0,25 0,25 EPA.1989C
Exposure frequency (events/year) 365 365 Site Specific
Exposure duration (years) 5 30 Site Specific
Body weight (kg) . 17 70 EPA(1989aand1989b)

Drinking Water Equivalent Factor* 0,95 EPA, 1986

* See Section 5,3,2,2 and Appendix Q

Compiled by: E.CM Engineers Inc. (BCM Project No. 00-6012-02)

AR30763I*
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TABLES-5

CONCENTRATIONS USED IN RISK ASSESSMENT CALCULATIONS

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Concentration
Far Well Group (ug/1) Near Well Group (ug/1)
Average RME Average RME

Chemical

Acetone 5,5 10,3 7,7 19,1
Benzene 9,4 23,5 17,4 50,1
Chloroform 1,3 1,7 -
1,1-Dlchloroethane 1,2 1,6 0,9 1.3
1,2-Dichloroethane 1,7 2,5 1,4 2,3
cls-1,2-Dlchloroethene 1.6 1,9 1,4 1.6
Tetrachloroethene 1.7 2,1 1.7 2,3
Toluene 1,4 1,8 1,2 1,6
1,1,1-Trlchloroethane 5,5 10,8 4,3 10,9
Trlchloroethene 35,2 96,1 68,9 210,4
Xylene 1,5 1,9 1.4 1.7
Manganese* 2,608.9 6,318,1 4,900,4 14,562,4
Zinc* 381,3 957,9 751.4 2,248,7

* Values for unflltered sample results
- Compound not detected In the well group

RME Reasonable maximum exposure Is defined as the upper bound 95
percent confidence Interval of the arithmetic average,

Compiled by: BCM Engineers Inc. (BCM Project No, 00-6012-02)

O
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If the pageJJllitted In thl4 ̂ ame it not at ntadablt.M g t . a t k
labtl, 4t 44 due to 4ub4tanda4d colo4 04 condition of the O4lglnal page.



[BCM

2
H — m™ to to co <n M cn

e 3 x £££SEE
I

I

s
--* t-

£ u!
f/i « {

r-

J

o\Xgg|

XXI

S w wail

OI«5»"»-t.».*.-N

d d d d d d d d d d

S

i i
r- I- H

1i^ ^

i III

If the page filmed In thl4 f4ame 14 not a4 4eadable..M legible..** -
label, 4t 44 due to 4ub4tanda4d colo4 04 condition of the O4lgl«al page.



TABLES-7

TOXICITY VALUES: POTENTIAL NONCARCINOGENIC EFFECTS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Uncertainty and
Chronic RID* Confidence Critical RfD Modifying Factors

Chemical (mg/kg/day) Level Effect Source UF MF

Acetone Oral 0,1 Low Kidney, Liver IRIS 1000
Chloroform Oral 0,01 Medium liver IRIS 1000
Tetrachloroethene Oral 0,01 Medium Liver IRIS 1000
Toluene Oral 0,2 Medium Blood IRIS 100

Inhalation 0,6 a Medium CNS, Liver, Kidney IRIS NA NA
1,1,1-Trlchloroethane Oral 0,09 Medium Uver IRIS 1000
Xylene Oral 2 Medium Mortality IRIS 100

Inhalation 0,2 Medium CNS, Mortality HEAST NA NA
Manganese Oral 0,1 Medium CNS IRIS 1 NA
Zinc Oral 0,2 NA Anemia HEAST NA ^

NA Not available
IRIS Integrated Risk Information System

HEAST Health Effects Assessment Summary Table
* Inhalation reference dose (RfD) values have not been determined; oral RfD values were used In the

exposure calculations, except for 1,1,1-trlchloroethane, HEAST lists an Inhalation RfD of
0,3 mg/kg/day for 1,1,1-trlchloroethane, Critical effect Is the central nervous system with an
uncertainty factor of 100.

a EPA comments for the draft RI report dated September 17,1990, p,23, recommended
an Inhalation RfD of 1,5 mg/kg/day. A more conservative value of 0,6 mg/kg/day was
obtained from 4th Quarter 1990 HEAST.

Compled by: BCM Engineers Inc. (BCM Project No, 00-6012-02)

AR307637
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TABLE 5-8

EPA CATEGROIES FOR POTENTIAL CARCINOGENS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

EPA Group
Category Description Evidence

Group A Human Sufficient evkience from epkJemlologlc
Carcinogen studies to support a causal association

between exposure and cancer In humans

Group B1 Probable Human Limited evidence In humans from
Carcinogen epldemlologlc studies

Group B2 Possible Human Sufficient evidence In animals,
Carcinogen Inadequate evidence In humans

Group C Possible Human Limited evkience In animals and/or
Carcinogen carlnogenlc properties In short-term studle

Group D Not Classified Inadequate evidence In animals

Group E No Evidence No evidence In at least two adequate
animal tests or In both epldemlologlc
and animal studies

Source: EPA, 1986

AR307638
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TABLES-9

CANCERRISKESTIMATES-NEARWELLS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIOATION
CHESWOLO, DELAWARE

Criimlcil
Slope
Factor

CDI Img/HB/div)
Avenge RME

Welgntol
CVldtOM

CriiiTMSoocHlcNili Totil known Pittmiy
Averege RME Averige RME

• ••:,•,.'.•:.,'•„' , : • ' • • . ' . . ••:,*» •.••'• • '.', ' • • ' ' :. :' • . •'•'•••.:.1 - • ;" ••,.'.'.•"' '. '.'• >;•• . • • • • • . . ' •'':..'. •:$•

Bernene
1,2-DletiloroeMne
Tttncftfofowwtt
Tflctilorotttwm

0,029
0,091
0,081
0,011

2G-04
2E-09
2E-09
8E-04

SE-04
3E-05
3E-OS
3E-03

A
B2
B2
B2

8E-08
2E-OS
IE-08
9E-OR

2E-09
3E-08
IE-OB
3E-OS

2E-05 SE-09

1 •• - ',''• •' ' •• " •'''.' ''v •'••.' ." ' ,'".!.'• ,!-V: •••'."> ••'"',"'.. • .... •;-..," , . ' • ' • . • ' - • ' • ' ;".'•*• .'•••',' : • \ \s ''..','. •. • , •• , •••';i'',
-•.".:','"•''•••. • • • \; •,- ;,'- '• : •. , . ' , -, • '' • ' '"*' •••*-'! '-'.I :• , ;! , . '• •; .•,,'•'., "'• ""':' :" '••• : ' "'•"'. '|' "• .' '•'••."'.''',.•'' • ' , • • " • • • • ' • • , . . • ,'v ;

Bmtfnt
l̂ *DieMorD>ittMM
TttfaWwOfOWWfW

TnofwfDMnffW

0,029
0,001
0.001S
0.01T

2E-04
2E-08
2E-09
SE-04

OE-04
3B09
3E-OS
2E-03

A
B2
B2
B2

tE-09
IE-OS
4E-06
1E-OS

2E4S
2E-08
SE4S
4E-09

2E-08 8E48
f

;̂ .. ..•:.;,»...,;.."... ...•...:;:•..„.•.•."••.. - .-. .•••.-•!>̂ .r. -.: :••::..• ..,,'.,"!': ,::;"• ..•:•;•:•'"•' '.:--:'.'̂ v-flf; ' -;•••;"• -.';•: : ' ••• , ' v.'f;'

Beniene
1,2.DteMOfoetMne
TetraoMoroeMne
Tftctiloroettie'ie

0,029
0,091
0.081
0,011

9E-OS
4MB
IE-09
IE-09

2E-04
7E-08
IE-09
4E-08

A
B2
B2
Bl

2E-08
4E-07
9E-07,
IE-07

7E-08
SE-07
7E-07
4E-07

3E-OS 9E-OS

TOTAL EXPOSURE 4E-09 IE-04

RME RiuoiueumijarrMnnpowiii«()i<tnMu mi upper bound Mpm^owiMtm '

CompHMbvi BCM Erqlnera Ino, (BCM Project No, 00401242)
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TABLE HO

CANCER RISK ESTIMATES • FARWEOS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLO, DELAWARE

CDI (mg/kB/diy)
CfterrM
". /̂ -̂ -A'-'l-V'-il;'̂ :̂ ,̂ ^

•• > ... •• . •'.",' •;-';' V: ' . -. , •

BwrtfTi
DfrOfOfOfTTI
1 12' Dtcfttof wtnivw
TtttaKflHHOMMOV
TflcftkHOMMM

' '̂'''̂niim̂ îii iri
:%:saWtW*N*-:i"':V.

' j,̂
, cMonlojm
/ IjWMorOMMM
TetractMcoeiMcie
Trlcttloraetrtene

Bewefie
CMorotorm
1,2-OMMroeMM
Tetfaohtoroethene
TiloOleroeinene

Average

- ''••i;':'̂

IE-04
2E-09
2E-09
2E-09
4E44

!*-V''.": '' :
J«!!.l»- ::,••"••

IE-04
2E-08
2E-08
2E4B
4E-04

RME

1 ••'.'•>

3E-04
2E49
3E-09
3E-09
IE-03

' l«''ft'' '-'.t

• :••:«¥«!

3E44
2E«
3MS
2E«
IE-03

Slope
Factor

0.029
0.0081
0.091
0.091
0.011

0,029
0,091
0,091
0,0019
0,017

Weight ol OtimietlSoKiNofti* Total Eipowre PMimy
Evidence

A
B2
B2
B2
B2

•**»>''• ''•"• "'•"•;'!S?.̂ c.-w
A
B2
B2
B2
B2

4E-OS
4E48
9E48
1K»
8MB

1E44
SHB
1E4B
1E48
2E-09

0,029
0,0081
0.091
0,091
0.011

A
B2
B2
B2
B2

Avenge

3E-OS
IE-07
2E-08
1E-OB
SE48

';•;'../•' :'-̂ -ii;iv'
:&'.::»y:<&%

3608
IE-OB
2E-06
UhM
7E-08

tf-̂ SfiP̂

1E48
2E4B
9E-07
85-07
75-08

RME Average RME

. V;;.: •~:̂ ..;:,':/̂ ,". •; ,̂  , '••.:"•'
1 .•'•. • . ' "'' '''y . .' ' '/' . ••:

BE-08
IE-07
3E-08

1 IE-09
IE-05

IE-08 3E-09

ti:'z&%~£*;$%'~ '̂'!if.t& '(•

8E-08
2E4B
3008
4E-OB
2E49

IE-OS 3E-OS

;:,.;r ;*,;;;;. "v;::̂ !̂ .'• ;•'••:•, •'.,-'•' ••;.
i.î .i" 'v;":!V'i/'':-*. ••.'.,K"'.i ".• , : ' ,: ''V,,, '..!..•

3E-OS
3E-08
7E-07
8E-07
2E-07

2E40 SE-OC

TOTAL EXPOSURE 3E-OI SE-09

Compiled by: BCMEnglmenlne, (BCM Ptojict No, 004012-02)

AR3076l»0
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TABLE 5-11

CHRONIC HAZARD INDEX ESTIMATES-NEAR WELLS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION f I
CHESWOLD, DELAWARE '

CDKmg/kg-day)
Chemical

.(BXpCMMii Pirtwfiyji.hiji
;!'. ,"'•.••'.••' •;*'.'>"":*:•'.-'.•":•:•.:"•

ADULTS
Acelona
Tetncnloroetriine
Toluine
1,1,1-Trlchloroetfiine
Xylena
Manganeea
Zno

CHILDREN
Aoetone
Totractiloreithene
Toluene
i,1,1-Trtehloroetnane
XyUne
Manganeoe
Zno

le*onii**f*iMM
?:!i£Mv.i A* ;'£'& 2$ ̂*'3&V$

ADULTS
Aoalona
Tattachloroattiene
Toluene
1,1,1-Trlcriloroethine
Xylena

CHILDREN
Aoetone
TetrachlOTOotrieno
Toluene
1,1,1-Trlchloroathane
Xylene

^___

Avenge

iHonofvontalTNnjf
•..,;:.,.;r.v ;,:.?;•'!,•'".!;.:•;•:

2E-04
8E-05
3E-OS
IE-04
4E-OS
1E-01
2E-02

8E-04
IE-04
9E-05
3E-04
1E-04
4E-01
8E-02

l̂\:r-̂ -̂î ŷ ;:̂ ->

2E-04
SE-08
3E-08
IE-04
4E-OS

8E-04
1E44
9E-OS
3E-04
1E-04

RME

*dOn>gn()w*4eô :y;;_v,:: •,, ;v;

BE-04
7E-OS
6E-05
3E-04
8E-C5
4E-01
6E-02

IE-03
2E-04
IE-04
8E-04
IE-04
lEtOO
2E-01

rettlî iidiii
\̂̂ ;5̂ v̂ v:x'

9E-04
6E-OS
4E-OS
3E-04
SE-09

1E-03
2E-04
1E-04
SE-04
1E-04

RID
(mg/ka/day)

;,:••! •'-.•'•;• ;;;.:

0,1
0,01
0,2
0,09
2
0,1
0.2

0.1
0.01
0.2
0.09
2
0.1
0,2

H/ftitaalbK

0,1
0,01
0,8
0,09
0,2

0,1
0,01
0,8
0,09
0.2

Haiard Indm
Average

Y,:'vf;wS:;::<;;
;,';-\- ;,v:̂ ;V;'''

2E-03
9E-03
2E-04
1E-03
2E-05
1EtOO
1E-01

8E-03
IE-02
4E-04
4E-03
SE-09
4E+00
3E-01

:Si:|;;î||;
•>.:̂1':,;':;'i!'1j1.-:V.'*:s

2E-03
BE-03
BE-OS
IE-03
2E-04

8E-03
1E-02
1E-04
3E-03
BE-04

nMc

"£?$$K
ffffM-

BE-03
7E-03
2E-04
3E-03
2E-OS
4EtOO

. 3E-01

1E-02
2E-02
6E-04
8E-03
8E-OB
1E+01
8E-01

••'.•vV;*','!'̂':'.1

9E-03
8E-03
7E-OS
3E-03
2E-04

1E-02
2E-02
2E-04
K<a
BE-04

Pithwiy Hmvd lodtx
Average RME

:̂?%̂f!.?f:̂^̂
^̂ '••;fi.'Sftffi&viÂ Î

2EtOO 4E+00

4EtOO 1E+01

Iteî '̂SiSPI
':,,̂-::f:.v»:.;̂:;;;̂::vf>'-̂^̂:;̂,;;:?|

BE-03 2E-02

' 2E-02 4E42

AR3076M
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TaWtUKContlnued)

CDI (mg/kg-diyl
Chemical

ADULTS
Acetone
Tetrachloroethenfj
Totuene
1,1,1-TrkWoroettiane
Xyrane

CHILDREN
Aoetooe
TetreoWoroetftene
Toluene
1,1,1-TricWofoeftafla
Xytene

Averagenn
3E-OB
2E-09
4E-08
3E-08
SE-08

4E-08
4E-08
SE-08
4E4S
1E-08

RME

7E-OB
3E-08
SE-08
BE-OS
9E-OS

1E-08
SE-08
8E-08
IE-04
1E-08

RID
(mg/kg-day)

0.1
0,01
0,2
0,09
2

0,1
0,01
0,2
0.08
2

Hazard Men Pathway Hizvdlndin
Average

•twiitt
3E-OB
2E-03
2E-08
3E-04
4E-OS

4E-05
4E-03
3E-OB
5E-04
SE-OB

RME Average RME

-:;;>:•: j-.:̂ .̂  :,,..•;• ;.--"-.\."'---.-"'.( '•':;.;•. '.>•'"•••• ffx;,;' ••l̂::;:\
^̂'̂•'̂/•Ĉ

7E-03
3E-03
3E-OB
SE-04
9E-08

3E-03 4E43

IE-04
BE-03
4E-OS
1E-03
7E-08

4E-03 8E-03

TOTAL EXPOSURE. ADULTS 2EtOO SE+00
TOTAL EXPOSURE-CHILDREN 4EtOO 1Et01

eiqnauneiiOuli>>U'N,aMep1lor1,1,1-«toMonitrwne, HEASTIlitaaftInhalattonRfOol
04mg/k9/da»(o« 1,1,1-Wohloroelhan*. CrWealatrMlethaonitnlnervouaiyilainand
uncertainty raotor 0(100.

RME Reaeonibte maximum eiipoeureli defined, aathe upper bound 99 peroant
oonMenot mMval cf DM ertthmrto average

Comoiedby: rXWEno>ne«i«w.(BCMProrictNo,0(M012-02) .
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m/i TABLES-12

CHRONIC HAZARD INDEX ESTIMATES-FAR WELLS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION )
CHESWOLD, DELAWARE

CDI (mg/kg/day)
Chimlcal

*'. '•'••'. •'.•'•,'' ,M..'̂ ! '•'••• '•.;:.-?:'; •.'•'•'•'.:,

• .:..'..:• , ;;';••.•,: ; ;';*v''T'T

ADULTS
Aoetone
Chloroform
TetracMoroethene
1,1,1-Triehloroethane
Toluene
Xylena
ManginiM
2no

CHILDREN
AM toot
CtHoroform
1,1,1-Trtehloroethane
TaWehloroathena
Toluene
Xylena
Manganaaa
am

ilĤ tlfl®
ADULTS
Acetone
Chloroform
Titraehkxoetritne
Toluene
1,1,1-Trlchloroeihane
XykHie

CHILDREN
Acetone
Chloroform
Tetraohlofoellwfle
Tduen*
1,1,1-Trlohlonatham
Xylene

Avenge

;:-S.v':"::': >'••&•

:M'̂ XiJ&

8E-04
2E-04
2E-04
8E-04
2E-04
2E-04
3E-01
4E-02

4E-04
IE-04
IE-04
1E-04
4E-04
IE-04
2E-01
3E-02

«ife«.p»
rinh fit î 'ririliMiilriii

1E44
4E-08
4E-06
4E-08
IE-04
4E-08

4E-04
9E4S
1E-04
1E44
4E-04
IE-04

RME

W Crourxm

1E-03
2E-04
2E-04
1E-03
2E-04
2E-04
7E-01
IE-01

6E-04
IE-04
2E-04
1E-04
BE-04
IE-04
BE-01
7E-02

RID
(mg/kg/day)

«**iS;::::;-;-;i

0,1
0,01
0,01
0,09
0,2
2
0,1
0,2

0,1
0,01
0,01
0,2
0,09
2
0,1
0,2

iigiJsiî silSi1

3E-04
BE-OS
8E-06
SE-OB
3E-04
BE-08

SE-04
IE-04
IE-04
1E-04
BE-04
IE-04

0,1
0,01
0,01
0,8
0,08
0,2

0,1
0,01
0,01
0,8
0,09
03

Hanrd Index
Average

B&&

6E-03
2E-02
2E-02
7E-03
SE-04
8E-09
3EtOO
2E-01

4E-03
1E-02
1E-02
SE-04
SE-03
BE-OS
2EtOO
1E-01

(̂ "̂(•̂••̂•̂f̂iiSf

IE-03
4E-03
4E-03
8E-OS
2E-03
2E-04

4E43
9E4S
1E-02
2E-04
4&03
8E-04

RME

'•'-•:j;:::':-'-;;

1E-02
2E-02
2E-02
IE-02
1E4V1

. 1E-04
7E+00
8E-01

SE-03
1E-02
2E-02
7E-04
9E-03
7E-OS
SE+00
4E-01

3E-03
SE-03
8E-03
BE-08
3E-03
3E-04

SE-03
IE-02
IE-02
2E-04
9E43
7E-04

PittiwayHuard Index
Average RME

SliiiiS

3E*00 SEtOO

2EtOO SEtOO

IE-02 2E-02

3E-02 4E-02

AR3076I.3
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Tables-12 (Continued)

CDI (mg/kg/day) Oral RfD
Chemical

;.'*̂K-:w*:»:#.:

ADULTS
Acetone
Chloroform
Tetrachloroethene
1 , 1 , 1-Trichloroethana
Toiuen*
Xylene

CHILDREN
Acetone
Chloroform
Tetnohloroethon*
1,1,1-Trtchloroethane
Toluene
Xylene

Average

t̂$££S

2E48
9E4B
2E-OS
BE-08
4E-OS
6E-06

3E4B
8E48
3E-OS
7E48
8E-OB
IE-05

RME (mg/kg/day)
Haurd Index Pathway Hazard Max

Average

:«tJD̂ nir̂ lnQroî ^
Sv;/,j :;r;; s v\?;:&a ;a>:,-; ••;r>̂>.;£«£'#!

4E48 0,1
1E4S 0,01
3E49 0,01
8E4B 0,2
7E49 0,09
1E43 2

9E48 0,1
1E49 0,01
4E4S 0,01
8E-08 0,2
IE-04 0,08
2E-09 2

2E-09
9E-04
2E-03
2E-OS
4E-04
IE-OB

3E-09 '
SE-04
3E-03
4E-08
BE-04
BE-OS

RME Average RME

7̂:::̂^̂ '̂̂ p̂̂ .̂ f̂ Ĵ̂ |̂

4E-09
1E-03
3E-03
3E-09
SE-04

. SE-08
4E43 SE-03

8E4S
1E-03
4E-03
SE-OS
1E-03
8E4B

SE-03 7E-03

TOTAL EXPOSURE-ADULTS 3E+00 SEiOO
TOTALEXPOSURE'CHILDREN 2EtOO BE+00

• InrmWwitertrerKiedoie (RID) viJuei nave n(rtb«en determined; oral RfDvaluti were u»d In the
axpoeuraoalrala1kma,axoaptto(1,l,1-trlchloroa1harra, HEASTIWa an Inhalation RTO of
O.Smg/kg/dayforl.vi-trtchkKoethane, Critical atfeet la the oefrtralnervouai>Mm and

' unoertalnty factor of 100,
RME Reuonabte maximum expoeufe la defined aithe upper bound 96 percent

oorrMenoa Interval of the arithmetic avenge

CompUad by; BCM Engineer! Inc. (BCM Project No, 004012-02)
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TABLES-13

SUMMARY OF RISK

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

HAZARD INDEX
CANCER RISK Average RME

Pathway Average RME Adults Children Adults Children

Far Wells
Ingestlon IE-OS 3E-05 3E+00 2E+00 SEtOO SEtOO
Inhalation 1E-05 3E-OS 1E-02 3E-02 2E-02 4E-02
Dermal 2E-06 SE-06 4E-03 SE-03 SE-03 7E-03

TOTAL 3E-05 6E-05 3E+00 2E+00 8EtOO SEtOO

Near Wells f , ,
Ingestlon 2E-OS SE-OS 2EtOO 4E+00 4EtOO lEtOI >»*/
Inhalation 2E-OS 6E-05 6E-03 2E-02 2E-02 4E-02
Dermal 3E-06 9E-06 3E-03 4E-03 4E-03 6E-03

TOTAL 4E-05 IE-04 2EtOO 4E+00 SEtOO 1Et01

RME Reasonable maximum exposure Is defined as the upper bound 95 percent
confidence Interval of the arithmetic average,

Complied by; BCM Engineers Inc. (BCM Project No. 00-6012-02)
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TABLES-14

COMPARISON OF WATER QUALITY GUIDELINES TO PREDICTED
ENVIRONMENTAL CONCENTRATIONS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Predicted Concentrations at
Water Quality Guidelines (ua/li* the Point ol Release (ug/1)'*

Chemical Acute Chronic .Average RME

Acetone (a) (a) 0,4 0,7
Benzene 5,300 53 e 0,6 1.6
Chloroform 28,900 1,240 0,1 0,1
1,1-Dlchloroethane NA NA 0,1 0.1
1,2-Dlchloroethane 110,000 20,000 . 0,1 0,2
1,2-Dlchloroethene 11,400 114 e 0.1 0,1
Tetrachloroethene 5,280 840 0,1 0,1
Toluene 17,500 175 e 0,1 0.1
1,1,1-Trichloroethane 9,320 93 e 0,4 0.7
Trlchloroethene 45,QOO 21,900 2,4 6,5
Manganese NA NA 177.2 429.2
Zinc 180 C 110 b 25.9 b 65.1

4.3 d 6,4 d

* EPA, 1986, Gold Book: Quality Criteria (or Water. EPA 440/S-86-1
'* Average and RME groundwater concentrations (far wells) diluted to estimate

concentrations at the point of release (Alston Branch of the Lelpslc River)
Dilution Factor - Site water shed area > S.aEtQB • 15

Area of far well plume 3,6EtOS
a Recommended solvent carrier for aquatic bloassaya; non-toxic
b Valun recommended by EPA In Comments to draft RI (September 17,1990, p. 22).
c Bawd on hardness In background well (22A) of 48 mg/1 as CaC03
d Well 33A not Included to calculate average groundwater concentrations
e Value (or acute guideline multiplied by 0.01 (EPA 1964)

RME Reasonable maximum exposure
NA Not available

Complsd by: BCM Engineers Inc. (BCM Project No. 004012-02) •***•,*,*
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TABLES-15 -*/

PRESENCE • ABSENCE MATRIX OF PREDOMINANT PLANT TAXA WITHIN
THE THREE PLANT COMMUNITIES

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Communhy
Common Name Scientific Name I II

White clover
Low hop clover
Rabbit-foot clover
Cow vetch
Yellow sweet clover
Plantain
Fleabane
Aster
Ragweed
Hungarian brome
Little bluestem
Japanese brome
Ironweed
Dock
Wild onion
Mustard
Rush
Wild berry
Japanese honeysuckle

Trlfollum repens
Trlfollum procumbens
Trlfollum arvense
Viola cracca
Melloiusofflclnalls
Plantago sp,
Erlgeron sp,
Aster sp,
Ambrosia sp,
Bromus Inermls
Andropogon sp,
Bromus japanlcus
Veronica sp.
Rume sp.
Allumcemuum
Brasslca sp,
Juncus sp,
Rubus sp,
Lonlcera japonlca

t .
t
t
t
•t
t
t
t
•
t
t
t
t
t
t
•
•
•
•

t
t
•
t
t
t
t
t
t
•
t
t
t
t
t
t
•
•
•

t
t
-
.
.
.
t
t
t
•
•
t
t
t
t
t
t
t
t

t Denotes presence of taxa
• Denotes absence of taxa
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n 6.0 CONCLUSIONS

An evaluation of data obtained for the Chem-Solv, Inc. site supports the
following conclusions:

- After an explosion and fire on September 7, 1984, at the
Chem-Solv site, DNREC Initiated soil and groundwater
Investigations to evaluate possible contamination. Volatile
organic compounds, Including TCE and related compounds, were
Identified In onslte soil and groundwater.

- Groundwater from the shallow aquifer beneath the site from
the shallow aquifer has been affected by organic compounds
from site activities and nonslte activities. Compounds
resulting from site activities Include TCE and related
compounds. Other compounds, which Include benzene and
toluene, cannot be directly related to the site. Data
presented In the RI support the conclusion that these
compounds are most likely to come from an offslte source or
sources. The previous operation of the groundwater treatment
system has resulted In the co-mingling of these compounds. A
groundwater plume extends In the shallow groundwater from the
area below the former distillation building to the eastern
edge of Route 13. Impacts to the deeper zones of the aquifer
have been limited by the presence of a silt layer
approximately 20 feet below the ground surface In the
vicinity of the site. However, some VOC contamination of the
Intermediate zone has occurred, as Indicated by low levels of
VOCs In the Intermediate-zone monitoring wells and nearby
domestic wells.

- The elevated levels of manganese and zinc may be the result
of local anaerobic groundwater conditions. However, the
cause of these localized conditions Is unknown.

- A second distinct plume associated with leaking underground
storage tanks has been Identified In the shallow aquifer zone
jur.t north of the Intersection of Routes 13 and 42.
Groundwater quality data, hydrogeologlc Information, and soil
analytical data obtained from the Underground Storage Tank
Branch of DNREC Indicate that sources other than the
Chem-Solv site are Involved.

- Carcinogenic risks associated with the site, Including
Ingestlon of groundwater, Inhalation during use, and dermal
contact with groundwater, all fall within the target range of
1 x 10-* to 1 x 10-6.

6-1 AR3076l»9
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- Noncarclnogenlc risks for the site associated with the
Ingestlon of groundwater are above the accepted HI value of
1. However, manganese contributes 60 to 100 percent of the
total risk. Based on a review of the data, manganese may not
be site related. If manganese Is excluded from the
groundwater Ingestlon calculation, hazard Index values for
noncarclnogenlc risk are below 1 for both adults and children.

« AR307650
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